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PYRROLOQUI NOLI NE QUI NONE- DEPENDENT GLUCOSE DEHYDROGENASE The present
invention relates to inproved variants of sol uble pyrrol ogtlbicmljﬂ e qui none
(PQQ - dependent gl ucose dehydrogenases (s-GDH), to genes i nmut at ed
s-GDH, to nutant proteins of s-GDH with inproved substrate specificity for
gl ucose, andwbezsgdids ferent applications of these s-GDH vacigmhs2ias
particularly for determ ning concentrations 5 of sugar, especially of
glucose in a sanple. Two types of PQQ dependent gl ucose dehydrogenase (EC
1.1.99.17) have been characterized: One i s nenbrane- bound (mGDH), the

ot her is soluble é}g GDI#{ es do not share ar%i; ni fi cant sequence
horol ogy (O et S FHREE U%EPWROL@EQWQ‘%?NEW@ COSE PEHYPREHA%30- 6;
Geton-Jansen, A. M, et al., Antonie Van Leeuwenhoek 56 10 (1989) 73-9;
Qubrie, A, et al., Proc Natl Acad Sci US A 96 (1999) 11787-91). They are

also different regarding both their kinetic as well as their imunol ogi cal
properties (Matsushita, K., et aI , Bi oscience Biotechnol ogy &

Bi ochem stry ). 1548- 155 i nopr ot ei ns ui hone as cofactor
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Bi ochern 200 (di iy P}Ta%%s P& varigntsy particulagly fqpdeieemiping sorgsptrations
application$ cﬁfmmax esperdiyef glstos{ ih@9apple.he whol e book, New York, Marcel

Dekker Ant hony, C., BiochemJ 320 (1996) 697-711 ; Ant hony, C. and Ghosh,
C., Biochem Soc Trans 26

M, Current Sci.ence 72 JP%%? -72 Ant hony

(1998) 20 413% i(FR%‘h@ ﬂ’ﬁ °th °“Md3hYF[‘FQ8§“aE§ dBfy 3.119B417)Bheve dger 1998)
1-21) . Among CA}enactc;pnt:ért@nms mérhose-lwand 4infGDE),tthe oﬂﬁﬂﬁ%ﬁﬁibﬁ:n(fslGDIb Haeh
cofactor 2,7, id6 & I in 5-,dL pon P
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the prosthédi ¢12ﬁ9biﬂ39,(mmyetalnfﬂrc@}&ﬂfAcﬂ@&7U SSUQH @possaobpion). ane, Anjihony

25 1998, supr @iferdy ool thdi XEh & letely.differe es of
PQQ dependent Hgletljcos g‘rﬂégena;%eg%]:léwaf pelogi Bmgfc‘flffé%ﬁ“é‘g
(s-GDH) and t %n@rﬁaﬂ@% iotrabaolngE B hamisrp R3O BB/ 138019 PCT/ EPO1/ 12148
-2 (mCGDH) (Duine et al., 1982; Matsushita et al., 1989a, b) The m GDHs are

\émnfj)elsr)rne?gel g gﬂcﬁg}g%g%e‘ %ﬁmﬂ:@% %t*a&or t% o%%% alcogvﬁva%ﬁﬁes an d%?e% nco ft]?elflrnd
orrgsponggg lactones, aldehydes and aldolic acids (Duine, J. A. Energy generation and the
15  glucose dehydrogenase pathway in Acinetobacter in "The Biology of Acinetobacter” {1991)
295-312, New York, Plenum Press; Duine, J. A., Eur ] Biochem 200 (1991) 271-84,
Davidson, V. L. - in "Principles and applications of quinoproteins" (1993) the whole book,
) New York, Marcel Dekker; Anthony, C., Biochem J 320 (1996) 697-711 ;Anthony, C. and
Ghosh, M., Current Science 72 (1997) 716-727; Anthony, C., Biochem Soc Trans 26 {1998)
20  413-7; Anthony, C. and Ghosh, M., Prog Biophys Mol Bicl 69 (1998) 1-21). Among
quinoproteins, those containing the noncovalently bound cofactor 2,7,9-tricarboxy-1H-
pyrrolo [2,3-flquinoline-4,5-dione (PQQ) constitute the largest sub-group (Duine 1991,
supra). All bacterial glucose dehydrogenases known so far belong to this sub-group with

PQQ as the prosthetic group (Anthony and Ghosh 1997, supra, Goodwin and Anthony
25 1998, supra).

In bacteria, there are two completely different types of PQQ-dependent glucose
dehydrogenases (EC1.1.99.17): the soluble type (s-GDH) and the membrane-bound type



space of Acinetobacter strains, like A calcoaceticus (Duine, 199l a;

Cl eton-Jansen et al . 1988; I\/atsushi ta and Adachi, 1993) and A. baunmanni i
(JP 11243949). 5 Through sear chi ng sequence dat abases, w& @%nﬁ]ﬁ@
honol ogous to the full-length A cal coaceticus s-GDH hav b entified

in E.coli K-12 and Synechocystis sp.. Additionally, two inconplete
sequences hownleegows to A. cal coaceticus s- GDH were al soptodpdntidst he
genonme of P.aeruginosa and Bordetella pertussis (Qubrie et al. 1999a),
respectively. The deduced am no acid seqltie_nces of these four
uncharacterized proteins are closely relafed to 10 A cal coaceticus s-GbH
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active in vivo, and the other designated s-GDH for which only in vitro
activity can be shown. Cl eton-Jansen et al. (1988; 1989a, b) cl oned the
genes codi my fFoUsh dearding sy shtehesesntvocsequsners hethologens tD)I‘tMe ﬁ!ﬁdﬂ%ﬂnés of
both these GDidklgereisus sMHmv&emd&mﬂe@uSEmfmh@mﬁ HRLREPHS tio s- GDH
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Qui nopr ot ei ns'’g ‘(é%)gmﬁj , I )., Like native
s-CGDH from A N |scus mwsmgébe%% i E&Eé? %lte dﬂfer t quﬁncﬁo?ﬂgldl mer,
with one PQQ ecu gﬁdpetcﬁil%’@b EﬁF’@Hﬁ’ ﬁoﬁ?"‘ﬁé’?“‘ﬁfﬁ?&ﬁ@r%%ﬁ‘?é‘ﬁ FQQ-aL,
1986 supr alﬁgévpeaéer% Gbﬁ&*%‘:’@fmnaes, ©hs th 6B whidh maamive] in mu, aed tie other, Arch
Bi ochem Bi gphﬁﬁlﬁﬁd(smlﬁ)foﬂ%hﬁh o I Jifo a&m €ln 8¢ sh ag:li 236217, 1999)
319- 33, O.l ri Nat l. Aca A 96 999
Qubrie, A ?98?1989&}%@1 ged§ %%Sf@ A"%gl ngo &%jﬂ@?s(ﬁ% %g‘ range
of mono- and ??S‘FFé‘F?sd’é OtPéheﬁ%D}éc&F#féﬁﬁéﬁdﬁ srpbivisuobrssclogyibetwepnmt GRH
hydrol yze to 2nd s:GPRI 2006bARIR2AE 494 ShaPEFGEPDAAIL2EHB! redrdsdie tob dombleregdds,

and it is A sdimbhembRcd@nate electrons to PVMS (phenazine netosultate),
DCPI P (2, 6-di chl or ophenol i ndophenol ), WB (Wirster's blue) and short-chain

The gene of s-GDH from A. calcoaceticus has been cloned in E. coli behind a leader

) sequence and a strong promoter. After being synthesized in the cell, the s-GDH is
translocated through the cytoplasmic membrane into the periplasmic space (Duine, J. A.
Energy generation and the glucose dehydrogenase pathway in Acinetobacter in "The Biology

25  of Acinetobacter" (1991) 295-312, New York, Plenum Press, Matsushita, K. and Adachi, O.
Bacterial quinoproteins glucose dehydrogenase and alcohol dehydrogenase in "Principles

and applications of Quinoproteins" (1993) 47-63, New York, Marcel Dekker). Like the
native s-GDH from A. calcoaceticus, s-GDH expressed in E.colf is also a homodimer, with

one PQQ molecule and three calcum ions per monomer (Dokter et al,, 1986 supra,1987

30  supral988 supra; Olsthoorn, A. and J. Duine, J. A, Arch Biochem Biophys 336 (1996) 42-8;
Oubrie, A, et al,, ] Mol Biol 289 (1999) 319-33, Oubrie, A, etal, Proc Natl Acad S U S A

96 (1999) 11787-91, Oubrie, A, et al., Embo J 18 (1999) 5187-94). s-GDH oxidizes a wide
range of mono- and disaccharides to the corresponding ketones which further hydrolyze to



ubi qui nones such as ubi qui none Q and ubi qui none 2 (Matsushita, K., et

al . Bi ochenistry 28 (1989) 6276-80; Matsushita, K., et al., Antonie Van
Leeuwenhoek 56 5 (1989) 63-72), several artificial electron acceptors such
as N net hyl phenazoni um nethyl sulfate (O sthoorn, A J. a6dPRJllhe, J. A,
Arch Bi ochem Bi ophys 336 (1996) 42-8 ; dsthoorn, A J. and Duine, J. A,
Bi ochem st rywd64646908) 13854-61) and el ectroconducting potyrehistag Ye, L.,
et al., Anal. Chem 65 (1993) 238-41). In view of s-GH s high specific
activity towards glucose (O sthoorri, A J. and Duine, J. A, 10 Arch

Bi ochem Bi ophys 336 (1996) 42-8) and its broad artificial electron acceptor
specificity, the enzyme is well suited for analytical applications,
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efficiently dopberalyeds, eoNsAndEhein! @qtdos) b3.4xygen. Traditional test
strips and sensors for nonitoring glucose |level in blood, serumand urine

e. g. fromdiabeti |0? %atl ents use gl ucose oxidase. However, since glucose
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their independen e eat ur'e Scussed
in US 6,103, 509, )fs “‘F%?a e isrripsitte. o digncbH fraVetinren
i nvesti gat ed. (KFPﬁnﬂﬁb?‘tﬂbariP%-‘Gmah but| on to the field has been the use of
s-CGDH together with appropriate substrates. Assay nethods and test strip

devi ces based difose et ai.l S 5, 484 708. This
patent al so. cQn &\@%gg%ﬁn% Jlgé r‘rﬁ{fé?léslgthmet%mte dlsFm‘!}J TP LS Ld t he
product i on df % epaRdegt cusclimie $1P‘|'cs§e qefydrpgenssar bmppr@fmrmlmwdﬂm
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Traditional test strips and sensors for monitoring glucose level in blood, serum and urine e.

} g- from diabetic patients use glucose oxidase. However, since glucose oxidase transfers its
electrons to oxygen, it is known that oxygen may have a negative impact on glucose

measurements which are based on this enzyme, The major advantage of PQQ-dependent

25 glucose dehydrogenases is their independence from oxygen. This important feature is e.g.,

discussed in US 6,103,509, in which some features of membrane-bound GDH have been
investigated. |

An important contribution to the field has been the use of s-GDH together with
appropriate substrates. Assay methods and test strip devices based on s-GDH are disclosed
30  in detail in US 5,484,708. This patent also contains detailed information on the set-up of
assays and the production of s-GDH-based test strips for measurement of glucose. The
methods described there as well in the cited documents are herewith included by reference.




A commercial systemwhich utilizes s-GDH and an indicator that produces a
col or change 5 when the reaction occurs (Kaufmann et al. 1997) is the

d ucotrends systemdi stributed by Roche Di agnostics Ghbgi ﬁﬁﬁ@&fe t he
above di scussed inportant advantages there also is a ngj ﬁ ent probl em
of s-CGDH. s-CGDH has rather a broad substrate spectrum as conpared to

m GDH. That w®,0284#19GDH oxi di zes not only gl ucose but al secseranslss ot her
sugars including maltose, gal actose, 10 | actose, nmannose, xylose and ri bose
(Dokter et al. 1986a). The reactivity towgrds sugars other than gl ucose
may in certain cases inpair the accuracy of determ ning bl ood glucose

| evel s, in sone_diabetic patients. In particular patients on peritoneal
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patients may I pai red | tose. There are scarce re
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patients havi QIR (aElgmmse nolimer)smes contatpainghait hrdy fuldare.gylinbioséd, high leveRat
demand and cl ichetbelsugues espediatly afabisse (WehsSR SetfalPeiibaITht f401558) 8d3-6); GODH whi ch
30 feature an inproved specificity for glucose as substrate. 25 APR 2005

WO 02/ 34919 P Lr@tgoel/.lZ 48 -5 |t wag the task of the present invention to
provi de new nmitanrs GPIYAPTHRY & oF © t—"”@ff&‘?)di“tdﬁbe%‘i Refietts esnseislly fromppoiced
substrat e spe¥ithj gptlycompplicaione cod epeciinfame hatientotunder dalysctesh segan
ol ecut es, . @gzgfhk&v@ﬁbmﬁl&_mgm.le@ﬁb S Baltoa I Abboid Blbabibdioles BERALT ound
at it is po . ' i nprove t.he substrate speclfT ci

of s-GDH forIo SI uco@%ﬂég&%g*ﬁ%f%glg tf%’%?ﬁénlp %ﬁ&aﬁ’é"?“’%fnd to at Iegst d
partially overcone the above descri bed problens known in the art

There are scarce reports in the literature on attempts to produce modified PQQ-dependent

20 s-GDHs which exhibit altered substrate specificity. Due to 2 negative outcome most of
) " these efforts have not been published. Igarashi, S,, et al., {1999) report that introducing a
point mutation at position Glu277 leads to mutants with altered substrate specificity
profile. However, none of these mutants, lead to an at least two-fold increased improved
specificity for glucose as e.g., compared to xylose, galactose or maltose.

25 It can be summarized that the attempts known in the art aiming at improvements of
properties of s-GDH, especially its specificity towards glucose, have not been successful to
the extend required for accurate monitoring of glucose levels in patients having also high
levels of sugars other than glucose.

A great demand and clinical need therefore exists for mutant forms of s-GDH which
30 feature an improved specificity for glucose as substrate.



The substrate specificity for glucose as conpared to other selected sugar
mol ecul es has been significantly inproved by providing nutant s-GHD
according to the present invention as described herein beéﬁ %@E in the
appending clains. Due to the inproved 10 substrate specifz 'm@ t he new
forms of s-CGDH, significant technical progress for glucose determ nations
in various fwalwdssod applications is possible. Sunmary opcthpgihingntion, It
has now surprisingly -been found that it is possible to provide s-GDH
mutants with 15 inproved substrate specificity towards glucose as a
substrate as conpared to other selected stgars. New s-GDH variants are

di scl osed which exhibit a significant higher substrate specificity for
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nmol ecul es, | ERifickRRA d-1ype . enzyne, exhi bi.;t essentially
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activity for OPHERe&&Belketflabtoseir MaPEcul es. Such conparison of a nmutant's
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a wld-typg g of s BDH ng'luso.l,eat ed frog1 Aci.n&t obact et * ca coace?_l cus.

Mit at ed s- GDH Protel ns as wellE e hai SPRreredderiother surteArd Lo eholersh gastiely such
proteins 25 &XAFHPEBAEPIvAAeerited Prblsmeskngvesin teesameci al |y i ncr eased
specificity for glucose are also provided. s-CGDH nutants conpri sing at

| east one am nQae uRSE:k Lt | n_am aci d position or [ espondi ng
to a position,of gﬂﬁgaf &.E%II\A&I Ef? 5152&;2&%112%%@0%#&% S&?‘%‘W\ sﬂguéﬁ‘ﬁﬁ‘&kbzﬁ i cus
(SEQ I D NO 24’)“%85‘@8?’8 Y (PBFRVEh Y gPrsviging omsient FRI facesading itonthe t@emnd 428
have been 2 6 impRICOB5leEbePhE4S 1eloRGHA FPE dpditag GaiftUDEE foOhPLaMLHA f O
s- GDH enzynes substrhre ispaeineiest thE BRIk Sf s-€BRES i fdad yed
specificity fo eﬂﬁiﬂﬁfﬁ?m v\KﬁS&saﬁnelt S Ponﬁ)r%fiﬁ%’afgﬁéiu tst%é\élh%’ll}fll %‘ﬁérgsts(%oﬁc%‘}cf’ on 348
exhibit a strfklng y positive é??é??‘%‘”ﬁﬁ O specificity. The i nproved
s-CGDH mutants can be used with great advantage for the specific detection

5 or neasur emenmmafy gfkthedowention bi ol ogi cal sanples, especially in tests

strip devices or in biosensors. The foll ow ng exanpl es, references,
seqguence Iistilpgase}l%g”fi urgls are cpu(rggv ded to aid the understanding of the
present invention, ot he R PHEYeenk et Rossibleato prowide siGPH reutansp@itiied
claims. |t!11simpaEdsubsiatespesificipuivhide glutsnss aeabstlae arastepdral thhithep serRAUr €S
set forth w t lggats. Ni® sclEPHIakiags bfeOdRdd@ RRLK lefhanf atsl'égjﬂcmqﬁéﬂepgub strate

Descri ption ofpdiRGityh Gt Ss:, especially as compared to maltose.

Also disclosed are mutant s-GDH molecules, which, compared to the wild-type enzyme,

exhibit essentially equal specific activity for glucose as substrate but markedly reduced
20  activity for other selected sugar molecules.

Such comparison of a mutant’s specific activity for one of the various other substrate
molecules is based on and calculated in relation to the original enzymatic activities of a
wild-type enzyme, e.g., as isolated from Acinetobacter calcoaceticus,

Mutated s-GDH proteins as well as polynucleotide-sequences coding for such proteins
25 exhibiting improved properties, especially increased specificity for glucose are also
provided.

s-GDH mutants comprising at least one amino acid substitutions at an amino acid position
corresponding to a position of the s-GDH wild-type sequence known from A. calcoaceticus
(SEQ ID NO: 24) selected from the group consisting of positions 348 and 428 have been



Figure 1: Nucleotide (DNA) sequence of the Acinetobacter cal coaceticus PQQ
dependent sol ubl e gl ucose dehydrogenase gene and the correspondi ng am no
acid sequence (SEQID 15 NO 23). Figure 2: Protein seque{téi@ﬁﬂ A

cal coaceti cus PQQ dependent s-GDH (top) and A baumanni i 0 bot t om

al i gned according to sequence honology. Figure 3: Illustration of pACSGDH
vector referwed2t019 n Exanple | containing the wild- typecoeromtased DNA
sequences of sol ubl e PQQ dependent gl ucose dehydrogenase. 20 Figure 4:

Nucl eotide (DNA) sequence of the pACSGDH yector referred to in Exanple 1
containing the wild-type DNA sequence of sol uble PQQ dependent gl ucose
dehydrogenase (SEQ ID NO 25). Detail ed descri ption of the invention: In a
first enbodi mefaend feeprovidechot §-GPH elzahesvithonmproved pripexies, kdpecislylwith ienpkeedn of

EC 1.1.99.17 sg&lfeot@qok@ma&easraPQQ deRsigRN sskitios 4! | PEARE sehygipgognase
e

(s-CDH), said ok ggt zed in. that relative t correspondi ng
w | d-type enzyne OPOSI%O efeetgoélr “PE B ﬁ’ltyeast one ot her sel ected sugar

substrate, it has an at |east two-fold inproved substrate specificity for
glucose . 2 5 TRRnpAOE] WCDBRM3thA QarPEeTsEPGIth é&l:ﬂe&vanzagtlf@r tHé §pREhE @& HGh Ven

inthis i nvgntdr%eaglir@m@&sdfl%uc%&pxlnlbqgoé8;{ sﬁﬁi}ieshpsgemu e%ev%n etélgggets ﬁ)Iérxll?wn

|solateofsC§H hese w |Id-type 1S es ca e
rel ative et s in specificity for the variants generated therefrom
The wi |l d-type enzynme of Acinetobacter cal coacetl cus- type strain LMD 79. 41

which 5 corr enpaniifoile Debiohe edintioldn Lobldhigehas agtsl | 2ed
el | -char act ff&@%@aﬂt‘i eREeg %Egn‘%%e‘g%ﬁ?w@ U i At ot o1

wel | -characteri ze
cai coacet i cus-43pe I \“&leﬁt@ﬂlﬁlamm@cﬁ@nacméﬁewém@he Pprocedufag pet fiath wigroef er r ed
enbodi ment 10 heleparapeddin et spirit afthe ipendived vari ant of "s-GDH are conpared to
this wild-type enzyne. The present invention therefore also relates to a

nmut ant of s- 10 sai fant characterized in that relative to the

wi | d-type enz%@%@%ﬁg‘gﬁ@? 24 and wth regard to at | east one other
sel ected sugar substrate, it has an at |least two-fold increased substrate
specificity f@igé uCRSAeotids (UNAE Hﬁﬁeae 3D AcirkMBhckP m%séeﬁéuy p?c{ E?

enzyme fam i %51 enas activit

under ECL. \qu T tgn]cgsjecggr acgtg T %""‘ag‘t%aa?% R F@“e

famlies, H6 Tz)appear not be related to each other. For t he purpose of
this invention only the soluble formof GDH (s-GDH) is relevant and

i nproved vari ahse bheiRGh seuendl 38 YS 0thaREET PO AERWdent s-GDH (top) and A.
baumannii s-GDH (bottom) aligned according to sequence homology.

Figure 3: Illustration of pACSGDH vector referred to in Example 1 containing the wild-
type or mutated DNA sequences of soluble PQQ-dependent glucose dehydrogenase.

20  Figure 4: Nucleotide (DNA) sequence of the pACSGDH vector referred to in Example 1
containing the wild-type DNA sequence of soluble PQQ-dependent glucose dehydrogenase
(SEQ ID NO: 25).

Detailed description of the invention;

In a first embodiment the invention relates to a mutant of the soluble form of EC 1.1.99.17
25 also known as PQQ-dependent soluble glucose dehydrogenase (s-GDH), said matant

characterized in that relative to the corresponding wild-type enzyme and with regard to at

least one other selected sugar substrate, it has an at least two-fold improved substrate

specificity for glucose .



It is known in the art that the wild-type DNA-sequence of a soluble

PQQ dependent gl ucose dehydrogenase can be isolated fromstrains of

Aci net obacter. Mst preferred is the 20 isolation from Aci netobact er

cal coaceticus-type strain LMD 79.41. The sequence of this 7\hiAP8-20dype s- GDH
(the mature protein) is given in Figure: 1 and SEQID NO 24. O her LM
strai ns of Asvometehacter nmay al so be used as source of WHCGEPYIRR14%- CDH.
Such sequences can be aligned to the sequence obtained fromA.

cakoaceti cus and sequence conparisons be _jtade (see Figure: 2). It also
appears feasible to screen DNA-lIibraries of other bacterial 25 strains, as
for exanple de gri_beq, for E.coli K-12 (Qubrie, A, et al., J Ml Biol 289
(1999) 3109- 33? S SBRFEORS VR dn j thig ipveRtonsase easilit enplied foa tauy kbowrs o:GBkeh iyt wch
gengrres. Such ksequinkesofanGDyetThesti wibhiypé iiited 28R b aQktE t@@gbg?_nﬁgsrdgggg be
used to genera -%ﬂ-mﬂe : . rate specificity for

gl ucose. The tgfp%&'(' mut ant’ o?aﬁr\%yrt?ﬁ#%%%\ﬂ%%tgéﬁgsﬁgmm t he present
invention relates to a s-GH 30 protein which conpared to a correspondi ng
wi | d-type sequéhe evildxtiichiengmat of damtroloner aslionetiastghe Ssthid iIMID | 41 WARh
expert in tise Edrpkgbnaétd SEPPD 8R4 Qs e.,a L | Lokl ties 2
b APR 2005 V\D‘Q%A%Igg%lg PgﬁgP({)nl/ 2 4%&?%“%@@ uégﬂggﬁﬁg‘?%&??%é dé#]%%’ i ng
for a pol ypept| de Sequence of "NEEERREI0L ek chapetenzadiit is adwgntagegit oaisaths o
possi bl e to gehEPR Bomiciaetebactenepfspqceticngtypmsray LMB78.4hdgli tefmase.dn a faeieet | Ons
of am no aci dsprefrraditabddimenchepiogerties dfiag iRpRS@NarihR\@ BIGN ateScompared to

characterized { : i : ondin i | d-type .e it
conpared to at™feds ¢ & £12HEE O : 24@n
calmgul ate the Yitbsegewk o atplesst fone iother aelected omgarr sabatiatey it WasOnCatClassy tWeYold S t O

set the acti vintiasebabsttRckpaiifidty Wryhese as substrate to 100% and to conpare
the activity nmeasured vvitF? the other selected sugar to the glucose val ue.

Sonetimes, in prder not to be redundant, 10 Sinply the termspecificity is
used wit hout r&c &?‘F@‘%‘g@tﬁ"%l“"’? Epepletply élffeﬁnmmsngmﬂhs with gbrese delayidogamde a
sel ect ed ot heractviyagrosprddbgesiee under EOR1.69. 1T trelthitskterbhtotMRL Thest Bvd 88ydid €l d

will appreasal@siiaghofBRaiesoth 6l cafend @l bl 1 s is best made at
equi nol ar concentrations of the substrate nolecul es investigated using

wel | -defined assay conditions. Qtherw se corrections for differences in
concent r at i onst R&RFPIERPsp ef thisdavention eninthe avluble fdmand GDEE [ 3-COHS isveldvaas smy
condi ti ons haviewpteederiahm Serfeof fte Blscleled h@eiddaess (i Nprovenents in)
specificity. The enzymatic activity of s-GDH for glucose as substrate as
well as for otlp?r sel ected sugar substrates is nmeasured as described in

Exanpl e 6. Based SIKVPHESRE AE Bk Brarideyre DNA-spanarse ofia solebid PQRndrpendentent s
in) specifici tgucareedehylsessnase dan RGsolel feonCRHIfsaIf Asiderplintrarc Modt grfefrad is dhe
sel ected suag arhdlﬂﬁo@&bﬁ:@f&ndaﬁa&ﬁl-&ﬂ&ﬁcﬁﬁtyﬁéstrain LMD 79.41. The sequence of this wild-
| type s-GDH (the mature protein) is given in Figure: 1 and SEQ ID NO: 24. Other LMD
strains of Acinetobacter may also be used as source of wild-type s-GDH. Such sequences can
be aligned to the sequence obtained from A. calcoaceticus and sequence comparisons be
made (see Figure: 2). It also appears feasible to screen DNA-libraries of other bacterial
25 strains, as for example described for E.coli K-12 (Oubrie, A., et al., ] Mol Biol 289 (1999)
319-33) =bove and to identify sequences related to s-GDH in such genomes. Such
sequences and yet unidentified homologous sequences may be used to generate s-GDH

mutants with improved substrate specificity for glucose.

The term “mutant” or “variant” in the sense of the present invention relates to a s-GDH
30  protein which compared to a corresponding wild-type sequence exhibits at least one amino
acid substitution. The expert in the field will appreciate that there are various possibilities




Cross-reactivity [ _ (activity selected sugar/activity glucose) x 100%
(Cross-)reactivity for maltose of wld-type s-GDH accordi ng to the above
formul a has been determ ned as about 105% W Id-type s-

(cross-)reactivity for gal actose has been neasured as achL&AFQOZﬂﬂE(cf Tabl e
1). 25 (I nproved) specificity is calculated according to the foll ow ng
formul a: 2 bwaRR:04J5 WO 02/ 34919 PCT/ EPQOL/ 12148 -9- act ip¢tkyngkugose

mut ant activity selected sugar wild-type specificity (inprovenent) =
---------------------------- X---om-mmo-o g mmmm-----------------activity
gl ucose wild-type activity sel ected sugar nmutant As conpared to the
wld-type enzyne, a s-GDH formwith an at |least two-fold 5 inprovenent in
specificity fde pytdecopeymelestides amdotling éor @rmlybasidt glquens ef stﬁEﬁQﬂtﬂéﬂQGMHWi th
mal t ose as sunslisr&t&uhsasals%t o@mét gadoth

gl ucose as su fefeﬁ te B oorsgeggra%p%u&% Cg&%}lgﬂf& Xne%—lgﬁ fons"or
Cross-reactivi or ﬁ%‘f’foo?ékof 20 % (determ ned and cal cul at ed as

descri bed above) this mutant as conpared to the wild-type s-GDH therefore

has a 5.25 fola mum{toa/ce&dﬁ:lgb@t thatpReseR Gavehtic nyc}(ame}ﬁcﬁe{ngmf:?émve t&QhThe

term "speciki ubh hrate Ls wel |l . known .i art

pref erabl y lgjs%:gjﬁg%bx%&g g’fg i er$1tz ?I et 2 el ppprRsA s&%ﬁﬁﬁfpe&ﬁcﬁrftﬁf ei n.
Vari ous netho ca?eé’sﬁ?fﬁl?ﬁ‘iedctaaflﬁ’émf&roﬁheﬁfleﬂféfl%hﬁﬁﬁbst@pem fic activity of GDH
nol ecul es, using glucose or other sugars as substrates (lgarashi, S., et

al., Bioc hem Bh QRdYY So BRSO U0 04 s;ge]:%%g}) JBths)s-'r %%ﬁ]e :Psﬁwa\é ELh s%ihe

avail abl e for Q rreasu cr I n de

e
section. 15 W& Wﬁ%g‘é‘ﬁi? # Suf’%‘ageé? &00% ardfp carmpiee F‘EﬁF“‘éﬁgﬁ?ﬁm
nol ecul es and Wi& ‘hﬁ?’ésltﬁebéﬁfbsugﬂéo thy glweass vl Sandting, iy oxdiér ot Gbd redundant,

conpar i sonle o samply mabmsqieaﬁh@ds ﬁdd@arithm%'nﬁ‘a!dﬂ @pecial refefencPIARLES hooRe! ect
a clinically ngleyan, eﬁ&g‘% %(I: CerdtOln ﬁ. alé grrparl son. Preferred
el ect etg Shgt

sel ected sugars are s e group [of0) ting of mannose, all ose,
gal act ose, xylose, and naltose. Modre preferably, maltose or gal actose are
sel ect ed and rfiie grpert inGbe field gl apwretiae ta0 Eorhpapis@y 6tl(r& IR GHitatie beP Gt bCi ty

for glucose asqfitiEpalcekkehPat@al SChO $:BsPdte HﬁieE19§ane ate@ ubitl o fe§
erbodl rent t e snlag! 6l R Lo g5ee T el e g

t hat thelrrproverrentsmgucoses a%g, for
mal tose vs. glucose, are quite considerable. It is therefore further
preferred 1% hatandatlded ahd twellidefief erdal | BhdiMords Hav@ kel GO TBoRS ﬁ%@ér@das§e5)s the

substrate SpeQirﬁﬂrereE%n{s%) Eaﬁcﬁ?%c%@z_yﬁx d&iﬁ&w}%s%ﬁ'}'ﬁ ?or rg?ucggegg.%%bs %snt S

substrates is I FRr QY % st t@gﬂ pre

conpri se s- GDM it n? stuézﬁ atgs s Raspiep AvArerbed ipdixemap eﬁspem ficity
for glucose, which is at Ieast 5 times higher or also preferred at |east 10
times higher, Bagd @onipas ectadiBeridi® SoliGtacEHBAind PinghsVemese!ifF tllificity are

assessed.

} .
20 The s-GDH (cross-)reactivity for a selected sugar in percent is calculated as _

Cross-reactivity [%) = (activity selected sugar/activity glucose) x 100%.
(Cross-)reactivity for maltose of wild-type s-GDH according to the above formula has been
determined as about 105%. Wild-type s-GDH (cross-)reactivity for galactose has been

measured as about 50% {cf. Table 1).

25 (Improved) specificity is calculated according to the following formula:



2 6 APR 2@5 WO 02/ 34919 PCT/EPOL/ 12148 -10 Mutations in s-GDH | ead in many
cases to enzyne variants with drastically reduced specific activity for

t he substrate glucose. Such decrease in (absolute or overall% Sﬁ) cific
activity for the substrate glucose, however, nmay be criti¢alAPRdiiroutine
applications. Surprisingly it has been found that inproved specificity for
gl ucose nustwoaksge to the 5 expense of a dramatically regpeminaver al |
specific activity. It is therefore preferred that the s-GDH with inproved
specificity towards the substrate glucosegexhibits at |east 10% of the
specific activity for glucose as neasured wth the wld-type enzyne. It is
of course nore preferred that such ggt ated enzynmes _exhibit at |east 20% or

nore preferred at | east 50% of *fHEY PROFBERYe grdivipsulesied fugrrwildoype
wild-type s-GH. 10 Ina further preferred enbodi ment, the invention rel ates
to a nutant ofSPEHIE GFPEIEmER) frof—ECt:-1-99:-17 Xat-s0--krowr-as--RGD-dependent
sol ubl e gl ucose dehydr.ogenase (s-CGDH), said nutant characterized in that
a) the substrate specific react aaivityglh@vewitistypd UC @amity sles Qighd Ml equal
to that of the wild- type enzyne and 15 b) the substrate specific

reactivity towar esnpidd @5 ahé SvildQPPeOknAr8S Sa Q%D‘ﬁ%eggﬁ Oyl L‘P%éﬁit' fio-fotiPe
enzyne. TheSSL{Q1 rate speci fl%{Pea]ctl Vi t%lﬁgrfaahso ternmed specific activity)
tovards gl utosar Y IEgt} Pt Prelfesers Pﬁeﬁmélaﬁg[glup@e)tﬁaqrd@glym@
wi | d-type enzynmtopgas substrata bes 35006t 6F,5%lvéthe nityitnal meagned il fltcoscdsislisine f O

| ucose of theyslsgr ¢ L L ntal.n . f re 20
g Mf 16 LofBiBle SNAYER 5| DI RAIA Rl ‘?eggurvﬁk gp‘? rr%%tgﬁeg)g%(f'% ég“%”%‘i'edt he

mut ants exhi bitin @% éeaét 80. % or nore pre [

specific acti \?flfly"%F ted &f ?&Wa@oﬁa@ﬁr%ﬂqw qoRpargil | tel -the id-ypeym@DHQUI t e
surprisingly ithertfars laeem25 foldrithprovibinbitiateispeciiefp indl@sel@ucaly.ai n such s- GDH
mutants or variants, which conpared to the wild-type s-GDH exhibit

essenti al | ¥ equal enzy%fi C.. ,%g}i vity for glucose but, nonetheless,
significantly rEdiEdPEilisaciaetos pawisrate sl kpown inyhomt, itonenefsmbltused to

sel ect ed sugandsscribsihe enzyitatic sativigr ks amibeit @F proteld) Varibs EABGR GleBiowado tH2 t hat
t he substrat @rtSieefdtdrintne’ £88Ed Ylut: 0sg J s.essentj.ally equal to
that of the wild: tr\égé egi?gﬁrr%e}dﬁg% %p‘?gggg?ﬁéh%’ugﬁ éréf“éos%ﬁ%g*hﬁ 5’Yﬁa§a tivity
t onar ds mal t oS SFAEDREREM Pegtal Jocher BinphsRes Sommungot (LWYF0k Ong whthar e
preferred. Fumtetheds praddby oeshchmeasateaintRidesdibed f@etail Wthe BrafiRs EBid0S €
specific activity is 15 %or even only 10% or less of the naltose specific

30 activity. agsneasured fgr the corresponding wild-type enzyne, whereas the
specific 2Y56 Xﬂﬁmﬂ) E\Rﬁ”g%‘?' 3269%t preyy difieepy supagmoleqigles and to” investigate the

glucose specificity of s-GDH in comparison to any such selected sugar molecule, it is
preferred to select a clinically relevant sugar molecule for such a comparison. Preferred
selected sugars are selected from the group consisting of mannose, allose, galactose, xylose,
and maltose. More preferably, maltose or galactose are selected and mutant s-GDH is

} 20 tested for improved substrate specificity for glucose as compared to galactose or maltose. In
a further preferred embodiment the selected sugar is maltose.

It has surprisingly been found that the improvements in glucose specificity of mutated s-
GDH, e.g., for maltose vs. glucose, are quite considerable. It is therefore further preferred
that said substrate specificity for glucose as compared to the substrate specificity for at least

25  one of the selected other sugar substrates is improved at least three-fold. Other preferred
embodiments comprise s-GDH mutants characterized by an improved substrate specificity
for glucose, which is at least 5 times higher or also preferred at Jeast 10 times higher, as
compared to the other sugar molecule selected.



reactivity for glucose is essentially equal to the specific activity for
gl ucose of the <corresponding wld-type enzyne. In case the wld-type
enzyme is not well-characterized it is preferred to use the s-GDH from
Aci net obact er cal coaceticus-type strain LMD 79.41 as ref erend®R 100h a
further preferred 5 enbodi nent the properties of an inproved variant of
s-GDH are cowmparedido this wild- type enzyne and the presefkpdinyafiti on
therefore relates to a mutant of s-CDH said nmutant characterized in that
relative to the wild-type enzyne of SEQ_IB_NQ 24 it exhibits essentially
equal enzymatic activity for glucose but, significantly reduced (at |east
70% | ess) suaﬁtrgte spe&bﬁ)f:%eacti vity towards at |east one other
sel ect ed sugar SUB¥tr'&t % Cth &% FRAY SHEY 19 ERARRE vBEaYs b fastipally reducpd
pozsi ble to ge;pc;ﬁﬁ;tgﬁsiqﬂlahlt}_rﬂmhnta& glindobe. Shetpdeaicad ifﬁ%hﬁb]hie&?rﬁw&ﬁﬂpéﬁe&iﬁ& ty
and even nore g t e n t it.is only afe
wel | - defi ned éﬁ’laﬁegl_ogjgifggp%bss?;rher(ﬁgm\%ﬁ%@ﬁ%eg?}% tBgacjn(lt)“r_’a;l rtgll' é?/'ﬁﬁeappi\mg?fﬁt
respect. The 2MFTERelYehbes ksen foned shat Smprovediipsrifititrforn glucase oot hacoi ta thy eat
cziit ai |h by lrrﬁkiengensedf&rchﬂﬁﬂicaﬂy&e@i&dl@ve?&i c;maitﬁﬁ@.gs%skﬂaxvﬁrefp&%eg@dﬁ NO.
, the wild-ty Sz as i sol at rom,Aci net obact e
cal coacet i cus-st@gléﬁgﬁlﬁgiﬁl ?ﬁﬁf]%“}g@%waﬁlﬁ %s‘%gfa&e %B‘é’?et & Ftﬁeasﬂlio?‘f%f t
s- GDH i sol at eSP&Hicraetybfer gycosoaspoedsuredmith dlie WEQXYPOetPme 21 isasfeoans ioye
identified byprefRpddapitisadhan SBEYBHHS COMBRGI 1@&&0#&%8&%&3&%‘3&%&5& Sb s

programis us tQ assess h | o or identity between such sequences. The
am no acid po?getlies ﬁghvﬁigﬁ/lé%seﬁ% étVQf\ﬁl'@ﬂ}éil be understood as amino acid
positions of SEQ ID NO 24 or of positions 20 corresponding thereto in

ot hér s- GDitb nuh @ GHIRS prefefte@ &EbSRAGt [ thCinb &Sk BNEE tb §n£§ﬁn§jx?oittﬂ%s%lub | LI eLent
reaundances

SEQ I D NO or t LKEferent s- i,solate. I.n qrder to_ avol I
only in a fev]\E/% égsggs'}f?aaﬁ %%%"8\’% N 'H‘EPEP%”f f?é“%@?%% y&ggenass (& gsaid
positions in @fmchyactinzed inttkd can be nodified in the sane way is given,
whereas for convenience in nost cases sinply and only the correspondi ng
position from 1 24.1s ysed., 25 Mitants conprising an am no_acid
substitution aafﬁ&%agﬁtggf fheghe I ISREs Breess ‘Spﬁ%‘i“gg]é’r?qu%g%th& olthepild-have
been found to exXiwdsingymeandri ki ng effect on specificity for glucose. As
denonstrated in table 1, a variety of s-CDH variants with inproved

specificitysf he .identified and _generated, as |ong as_ at

| east the ani ?13(5) tg%:%ﬁgg{%?]e ggﬁctﬁe%cﬁwt G ngt°§ﬁ§3 ! °éi"“‘c?§r°P’é‘Ei§6ﬁ‘1Hﬁ ‘g@‘”ll‘b

W | d-type s- GDHBREfa@m%e position from A cal coaceticus - is 30
substituted with an appropriate other amno acid. 2 6 APR 2005 WD 02/ 34919

PCT/ EPQJ/ 1114 E r rr empodi ment of the present. invention
therefore rel g’%leessllslj'tgt Bﬁ\%&ﬁﬁ{i‘%ﬁéﬁ%ﬁo@éﬁ’ %r%?gwﬁéﬁaﬁ%‘ﬂ%gﬁ’é’ﬁdg§]-“E§5F-I‘S(98Fﬁf}°fe§i ng an
anino acid re& B¢ &ssentisly et torhabef theewibiniypoeraptale ipatsledst G086 ot the spigingli ng t o
position 348 efzymaec SctiGBHfda‘VlgiudosE%P%e&ﬁ%ﬁ@&z%ﬂ@%iiﬁ%e&‘ﬂsocﬁjeﬁ%f Gle! CUS

( SE)Q I D Ncio Zﬂ)utants exhibiting at least 80 % or more preferred, at least 90 % of the specific activity for

glucose as measured for the wild-type enzyme.

Quite surprisingly it has been found, that it is possible to obtain such s-GDH mutants or
variants, which compared to the wild-type s-GDH exhibit essentially equal enzymatic
activity for glucose but, nonetheless, significantly reduced substrate specific reactivity

25 towards other selected sugars, especially towards maltose. Mutants characterized in that the
substrate specific reactivity towards glucose is essentially equal to that of the wild-type
enzyme and in that the substrate specific reactivity towards maltose is 20% or less as
compared to the wild-type enzyme are preferred. Further preferred are such mutants for

which the maltose specific activity is 15 % or even only 10% or less of the maltose specific

30 activity as measured for the corresponding wild-type enzyme, whereas the specific



5 1t has also been found, that conbi ned substitutions of am no acids at
am no acid positions corresponding to positions 348 and 428 of SEQ I D NO
24 are advantageous to generate s- GDH nutants or variants vvi’%h
significantly inproved specificity for glucose. Residues B4dPbdlla2g of
s-CGDH as isol ated from Aci net obacter cal coaceticus-type strain LMD 79.41
are not knowwofgresmd he art to contribute to the substrat echepdhings of s- GDH
(Qubrie, 10 A., et al., Enbo J 18 (1999) 5187-94, ; CQubrie, A and
Dijkstra, B. W, Protein Sci 9 (2000) 1_2?15_- 73). No chem cal or physi cal
expl anation is at hand, why substitutions of these am no acid residues
alters the substrate specificgity of s-GDH for glucose as conpared to ot her
sugar nol ecul FEERY freptacose 3y esseptially, canal 10 he) SPorillsdRAtivitio frt Bagose of the
substi tution abrrespondingwilditypberrme. has a positive effect on 15 gl ucose
specificity of s-GDH. In a further preferred enbodi nent the nutated s-GDH
is characterized in that the amno acid residue threonine at position 348
i s substitut ednwast thearildappenzad ifinstasil Ghaad@lzalit R Grefdredid i3 CheGrCDRA from

consi sting of alanbhe, cm%?rgﬁn%#&eiﬂdﬁ??&lf] a?ré’f&gce.pfngagﬁ.&g% %Eqér?gd ment

glycine is gse%&r%ub&tgi tute, reonine at positlon ) ,gr oup
of preferred s* Ot RS REPeics ot 1 prevsd raifagt phivGRE; B corensd 1o dlus wild-
substitution dfpetenermanndshepresdntrivehtorcthetefoposlate; wra BuBntarfic-GRtH sid nemst one
Oth ge f ol | oW chgracip@ed tih QR er?tivlgll%?’ﬁhe ]xﬁﬁatyﬂ@&z%ﬂg #38Q I Nvetag@ifamibher q
enbodi nent a nutang in ependent  s- onprises.an 0 aci
resi due subst ir%lsutl oﬁ%%i %n(%gf?%cg‘ﬁu gorcgfuc?sﬁé’%Sg%g%g%ﬁ'fea&?tllﬁﬂt??%’?“%
sequence 25 f rBpRAkshiisBerca tewmkdsatloest prg othen selteted ugeheatbsimtear agi ne r esi due

of the wild-type sequence is replaced by other appropriate amino acid
resi dues. PP eflaregtrciedlysitibhs hernnfousd itltht rie &i phasdble So gerdrate tseGDH rmatahts avigy oup

consi sting of j,ehrkd ' : [ | .af t bstifute

t he asparagi ne gt gf%lb%ﬁ%%cg%m% ﬁ\é%!ru(#)lq %gﬁe%é%d&ﬁ%a%%ggﬂmgwigfé)

PCTI EPQ / 12148 few well-defined prpina acid gesitigns whigh s of mejrerelerngeingbat gespictit ani ne at
position 76 can be substituted to inprove on the problens inposed by s-CGDH

cross-reacti vifpy ac‘!l'jiévpmgitp&rﬂlesﬂ%gb@ﬁt ﬂﬂ%hﬁ%?&escﬁb%@ gll"?&l? getgfﬂgj r}ljlelg.\%srle%fenget her

s-CGDH i sol at es corres ondi.ng to this sequence position
i dentified by ‘A*RONSEE R ek eV FeRPERT D) J4ptheeyild-tynetequsererd i-GREE rer 1 ed
5 enbodi medt tisviteiutran tAcrecioret alfodceticigpPsRGEDMD THRNAIGTD ddtepRitorein
conprises a sk bGP Roks GMLATE: ROSI d¢ T4t %.60RESERANI Ng
wi | d-type seqyence from %\ci net o%%g?lggtoiﬁéim@g%gc&eftsﬁgaé.qqc?tmia% eﬁér:dgf'&eernﬁg% to
sel ect the aniM@PRIPHIGSEWERT Cmparivah Bxeferably b PleUp premm iipmsedoterassspondi ng
to position 7&omoloBEQr idenhity bePdech Is0¢h sddBengésOURe eABSI &id P@itkhs alveNhb@in
aspartic acl d’belogvosh% UE WM& st&8d g angi!ug %HHeposngﬁshéfcgﬁWﬁ) N?f: azhlo@eofap%%ﬁgl%r I ne.
20 corresponding thereto in other s-GDH molecules, unless specific reference is made to a

different SEQ ID NO or to a different s-GDH isclate. In order to avoid redundances only in

a few cases a specific hind to the fact that corresponding positions in different isolates can

be modified in the same way is given, whereas for convenience in most cases simply and

only the corresponding position from SEQ ID NO: 24 is used.

25 Mutgnts comprising an amino acid substitution at the position corresponding to position
348 of s-GDH have been found to exhibit a striking effect on specificity for glucose. As
demonstrated in table 1, a variety of s-GDH variants with improved specificity for glucose
can be identified and generated, as long as at Jeast the amino acid in position threonine 348
— as corresponding to wild-type s-GDH sequence position from A. calcoaceticus — is

30  substituted with an appropriate other amino acid.



As .descri bed above, a substitution of the amino acid in position 348 of the
s- GDH sequence corresponding to the wild-type sequence isolated fromA.

cal coaceticus, can be used to significantly inprove the glu$§se
specificity of s-GDH Further inproved nutants are obtai 8ch ﬂﬂl}ﬁrovi ding a
mut ant s- GDH protein conprising at |east two am no acid 15 substitutions,
wherein the avna4aei d corresponding to am no aci d positi@fesddaek SEQ | D
NO : 24 is substituted. A further enbodi nent of the present invention
therefore is a nmutant s-GDH conprising atipleast two am no acid residue
substitutions at an am no acid positi on correspondi ng to a positi on of the
s-CGDH wi ld-typ om A. . cal eti.cus D NO 24),

sai d substi tut§ gﬁl’}éﬁ%&%@?’g‘p 0] Brﬁ%enb'ﬁ“w oggrfeéeé?rgada\(‘t?s H]atnﬁ‘&m&rpéﬁﬁm of
consi sting of P8Srdepsdent si@D zvzmpmsng ane@nind 2Qd fe@idue 4bSjtutiGBt tHebBnind Zdd 177,
227, 230, 231, p&%n caﬁ&pox?dzz?g t04VBition 9B of?t.Qt;Bs-GDﬁ]iZﬂd-éf seq§é1§e ki ﬁcl?igi 422,

428 and 438, r { cid residue T348 is ‘replaced.
further preferre S(FEQWarlant with the at | east two substituted
am no add resi dues conprises a substitution in positi on 348 and at | east

one addi ti osal Itk Hebtd foRAd, 2Bat %&ﬁﬁﬁ&@ﬁbiﬂhﬁﬁ& M@ tnﬁ% L&k g@%ons
ur er

conpri si ng p03|t|ons .76 . In a red
enbodi ment the rﬁ“ﬁogglggtc{%glﬁﬂilﬁg aﬁ%%ﬂ? %gggtn? g‘ﬁ% Zﬁmeéﬁ%%m%emwmmsw in
a nutant s- GDHRHeWeiteertvadarity with tignificguiiyimpoveabipsdifidiy fafelreseno aci d
positions 76, 348, and/or 428. Miutants conprising substitutions at am no
acid residues QI e n Si.t s 348 3 and 428 have been found as
veré advant age%us %?g)f"rf%lrag’vf ﬁéﬂf Labegcﬁ"ﬂé‘i"f fter saleoprarisusntype seaipbIP 005
2/ 34919 PCPH4ERErINOL Rriokdh ﬁm&glauamsmmbummmbm&bﬁﬂu@gt&feremg@ﬁbne,
substrates.jpl tal & LA A foh € esi nd s of
s- GDH, whi ch corrgrl se }?gégg{g? ut ?gﬁ’ ’g% b6t ?%511%8311%%@ mg'%ﬁgﬁ%)%
Most pr ef er r ed287-€3)niie ahmcaéommlgl arplatition pr 2 hend; ety mbbt&tm&ddbfﬂiaﬁ a@fno
descri bed abovgidfesidftotfert RRSGHLRQR bRy D&?g& ang £o T1348G
and N428P is rr%sttﬂglief erred. 5 ThexﬁD f\og&y i@@ aaslfﬂ’?g ﬁl&m to
the art to ind'¢a ?‘Hﬁ‘t PHF’é%m ne at position 348 is repl aced by gl yci ne
and gl utam ne and position 428 is replaced by proline. Mitant s-GDH

prot ei NS conprit BdsBgeni hurddhddi@h tht saLiRs) itdons. 348 and 428
" Eg%g‘ﬁhﬁgé cgf?ssga%?)gff’ra Oemr?tVee B red

al so substitut ons af_-nos 76, 127
enbodi mentsgof TR sPeﬁ'rE‘ %e?\%’%entl on. 10 Further preferred exarrpl es of
nmut at ed s- GDH proteins according to the present invention corrpri se am no

add substi tutimrasﬁuaierpﬁﬁxﬁaeﬂﬁoigeﬁnﬁeééétea%ﬁk%ocﬁﬁu& lﬁy afth %D“ Si ng
pre erre en

substitutions a ons 76 a et an BSd nent

the nutated ECSET?pr ot'er %m%%té’ﬁf' P égst 1§ s‘@ﬁé g‘n%“ 3P e Aeid aesidus ndedtedes

substitutions f@gn i group consisting of alanine, glycine, and serine. In a most preferred embodiment
glycine is used to substitute for threonine at position 348,

20 One group of preferred s-GDH variants according to this invention comprises a
substitution of the amino acid residue at position 348 and at at least one of the following
positions 76, 143, 168, 169 and 428.

In yet a further embodiment a mutant protein of PQQ-dependent s-GDH comprises an
amino acid residue substitution at position 428 of the correspondent wild-type sequence

25  from Acinetobacter calcoaceticus, in which the asparagine residue of the wild-type sequence
is replaced by other appropriate amino acid residues. Preferably, such amino acid residue is
selected from the group consisting of leucine, proline and valine, It is preferred to
substitute the asparagine at position 428 with proline .



am no acid residues at positions 76, 348 and 428. 15 In yet a further
preferred enbodi nent the s-GDH variant according to the present invention
conprises at |least three ami no add substitutions, the at |east three
substituted amino acid residues corresponding to am no addbgBRilflbons of
the s-GDH wil d-type sequence known from A cal coaceticus (SEQ ID NO 24),
sai d substitwmeedsanpno acid positions being selected frorikbfn9iuUP
consisting of positions 171, 227, 230, 245, 341, 348, 20 349, and 428,
wherein both the anino add residues T348,and N428 are substituted.
Preferably such trrble mut ants conprise at | east one of the foll ow ng
substi tutions; qhn% ovezc[ F,., P230H, %t 9D or MB41V. Preferred s- GDH
vari ant s vvlth Al RISYSaY thy aip; aid gl timpine gt prsiion T6sam b substituted to
substituti ons"rli’FOV[S(S@rtb? Ewblem@ia@sdd LPBGDH comreaeatityosithrbthd: sﬁgtbsﬂdlédd'&d ons at

posi tions 24@&q@e’ic@§o&%s OQ'Bthb.Pg @DI—HH)IQIQS aﬁfegpo%%ﬁglg & aer%? Ig$51£0%vz§'a ed

that the sequeglc m)tﬁ X&’ ﬁ in Wl e 's- coaceti cus
on the one haRdaneiRed FX 4 AYRAPEY Eﬁ%“PH?éSfétWe?E%afﬁdNQépéaran@tber prsferred y
conservat i §e eabodivent Hbe pnunmtr ansrdivy ANR plefht \inRESod %dréﬁ}’é Odbﬁaﬂri@é
specificity fbstfy Aﬂl?! 4 [EPOL/121 | ucose as
stifutldn oo 9&’1031 ?61 gf gEorr%sP%xhdi‘n 7g1§d 4{’2@ as

|dent|f|ed|nthe |nven|on . e.
cor r espondi ng“f”é" "'6 cHappratias. GDH from A caI coaceticus (c. f Figure 2). A
preferred enbodi nent according to the present invention ther ef oreis a

mut ant prot ei am.no acid sequence
of WPXaaVAPS Iﬂég&f&r}:@% Q&Qﬁﬂ Bﬂﬂl g‘flé;l%*dénaﬁn’gh %%Stﬂgréoﬁ gﬁgoﬁ‘t&onafﬁ"éﬁﬁ‘f”h “&ci d
resj due ot her™ tPREHOR ﬁ?é’bﬁﬁﬂ | §B2¢ fromthe lgronnr easigingdef Aapineo sipaitionscidd6- 352

of A cal d@acghttammsqwgl}dmtey;pelmnﬁ)lﬂnﬂ{nemgeﬁh@n 347-353 of A. baumannii
wild-type s-GDH Further preferred is an s-GDH mutant wherein said Xaa in

SEQID NG 1 rgpreg f@ al ani ne, glycine or serine, nost preferred, Xaa
represents g @B oYe: Arinbatitptiosro ﬂ&aﬂmﬁrﬂdemmynmﬂfoftbonﬁﬂfbsemgpnme

am no acid scequgncmimé&to Maxmwa&qs&& LB 2 . meaeh%s S@h%?@@a r§S' due
is an am no t t ha ar s.anot her preferre
enbodi nent o?@{lhe{uﬁve%ﬁ"gntng SSFISPW%SC%’ gg?ﬁ?ﬁ%p‘! & 1RProsdi g 405 431
of A cal coa@B?Ft?ﬂrs}’Yvi’qOHdefeD@@DH(B?Htwolpmmmnman%-lé&thooﬁmﬁm dmumanni i

wi | d-t ypels- @iskitutibndwhéreinald ihd ecidcodbpollih 2 anfReRd Sdshign SERABNS 2 1
characteri zegid natihabafifled Xaa residue is sel ected fromthe group
consisting of leucine, proline and valise, nost preferred Xaa is a proline
resi due. Nunerous possibilities are known in the art to produce nutant

protei ns. Badgurtla etnhediment of the present invention therefore is a mutant s-GDH comprising at
least two amino acid residue substitutions at an amino acid position corresponding to 2

position of the s-GDH wild-type sequence known from A. calcoaceticus (SEQ ID NO: 24),

20 said substituted amino acid positions being selected from the group consisting of positions

) 16, 22, 76, 116, 120,127, 143, 168, 169, 171, 177,227, 230, 231, 245, 255, 277, 295, 299, 308,
317, 341, 348, 349, 355, 422, 428 and 438, wherein the amino acid residue T348 is replaced.

It 3s further preferred, that a s-GDH variant with the at least two substituted amino acid

residues comprises a substitution in position 348 and at least one additional substitution

25  selected from the group of positions comprising positions 76, 143, 168, 169, and 428,

In a further preferred embodiment the at least two amino acid positions which are

substituted in a mutant s-GDH are selected from the group consisting of amino acid
positions 76, 348, and/or 428.

Mutants comprising substitutions at amino acid residues corresponding to positions 348
30 and 428 have been found as very advantageous for improving the specificity of s-GDH for



inportant findings of the present invention disclosing the critical
|rrportance of am no 20 acid positions 348 and 428 and also the utility of
position 76, the skilled artisan now can easily produce fg[?r]h@g
appropriate variants of s-GDH. Such variants for exanple H0%bt ai ned
by the nethods known as random nut agenesis (Leung, D. W, et al., Techni que
1 (1989) 11widjzsand/ or directed nutagenesis (H |, D E.pcripoidziegMet hods
Enzynol 155 (1987) 558-68). An alternative nethod to produce a protein
with the desired properties is to 25 provijge chinmaeric constructs, which
contai n sequence elenents fromat |east two different sources or to
conpletely syn t - ene. Such kno

the art may beélb@ogggfh@ﬂgp%ﬁ%ﬁ%% S\?\(ﬂ%ﬁ 5 3gfﬁﬁ§reﬁ%elgi%‘p fe ‘? gif‘ﬁ“ﬁ‘ he
present i nvent YRt Mignts oby GBE, which samprise a gebstitatiosatdbtisthEpbditionsP4d sid Aps. at

ngg_;s% | 822 gTs nMoétqiré‘reﬁbﬂ)gkglgﬁﬁdtpfbn%nsmg ﬂ?e?rﬂ'k‘ﬁﬂgf A%%&g%%ﬂé%v\%%r%?%pag%g H9 to
PCT/ EPOL/ 12148b°qﬂ%96,0€0ﬂ %HP“&E@B}PHF% T348Gend Nge e mestipseferrrdi on can

e.g., be produced by starting from a s-GDH gene as isolated from _
Aci net obact ér Tiad mﬁﬁbloﬁyu&l‘s&sxp@acﬁmﬂpnis bidyBrd Yo HHe 2P té’"ﬁ;}d:ca?esthatbﬁar%tnﬁ:r tng

froma honol o : enc e context of this fcation t
" honol ogous" ?lgdﬂ%e’gﬁgéj 5ep§a5e‘%b |g§’§m\°7\ﬂ‘£&thtt§lrﬁ’éw§“‘&ﬂ%m8§4 %F?{aé‘tﬂibﬂ’r%‘?hn&t her 5
m croor gani sms, provided that t he sequence honol ogy as conpared to SEQ I D

NO 24 is at Memst s-@@H’/proWﬂsQoﬁbﬁﬁﬂ qua@téon &f éu%Em@ntH?lE Qpﬁiﬁa*oﬁ? %ér]&@'lﬁé“

using the Pile % the am no ac

are identical ;,?Js% %ggglﬁtmnagpgﬁl?ﬁqgéécﬂd&é 4SHIEPS‘E@tPBWe?h°¢WHWT¢e be
under st ood t haRresgaiipyatioms of DNA .and amino acid sequences natural |y exist,
or 10 may be intenti onaIIy |ntroduced usi ng net hods known in the art These

variations % a dd differences in the overall
sequence, ue t ﬁgrgl%re ngdnS %@?‘f‘f"ﬁﬂ gﬁ) Proieins AOEIRE tojthp REpseRtGRenEeD
addi ti ons of dJREPHE AHIne acml ﬁebsatﬁdomest doam;mts I76saidd 348 endiaR6 esudls Bar ed
to SEQ I D NO czéapnﬁu hib@tﬁﬂxﬁtﬁmaﬁbdgméhmtahﬁ Whd, Bt .fm?megﬁ eﬁkgé ﬁt’tg”p' <,

on the basis sgm %( arltﬁ'l char ge, |C|ty
15 hydr ophi | i C|‘fy and/or P Qhem ecPr‘?f&‘ttdIi“’én?ﬁn @Hﬁ’nﬁesiplﬁﬂe@ﬂhmfdhq/ed
For exanpl e, Wt@@@@@mgmsammmm i nclude aspartic acid and
glutam c acid; positively charged am no acids include |ysine and arginine;
am no aci dgz Wy C ed pol rQup nonpol ar _head groups
havi ng si m§? arﬁﬁ' grgoﬂﬁi]% %5?’83@“3‘%019’6 ﬁﬁe"ﬁ“@t"l #ARPIdENE 100 thenieresent
i sol eudne, vaI“F‘H’E“OItg‘FWfﬁES atéﬁﬂatrthmemnampa:dagbmmnogt uiheamlfnel», thB@ T subBtuted
t hreoni ne, phaﬂﬂcahﬁmr%ueg%ﬁééﬁ&ﬂ'iﬂé% &B‘é‘rmﬁoﬂ&s | 3 ‘%? d@’ﬂ}?twﬁ\r}yel
i des

i ncl ude salts%‘} % e afore ntione E g
precursors of afore SHOBERFICHS ng’sl\ofé ), §3i pbstituteds pmingr asigr s
havi ng N-t er niPAglionsbisg Fﬂ.iqsrted@qnshcgroascmtmg@ﬂpmon&\mpzﬂyi.%m?uhlmlﬂg used

as | eader 22q085) 0. £28/168er YR IR MRS B Y% G TRES id DOV NS SES ALty
epartin ro
p 9 @retfergbly such trible mutants comprise at least one of the following substitutions: Y171G,
H227F, P230H, E245D or M341V.

as

Preferred s-GDH variants with highly improved specificity for glucose comprise

substitutions at positions 348 and 428 in combination with substitutions at positions 245
25 or 341, or both.

Amino acid sequence analysis revealed that the sequence motives found in wild-type s-
GDH from A. caleoaceticus on the one hand and A. baumannii on the other hand appear to

be very conservative around the positions of major relevance to improve the specificity for



scope and the spirit of the present invention. 25 According to procedures
known in the state of the art or according to the procedures given in the
exanpl es section, it is possible to obtain polynucleotideéﬁfﬂqpﬂmﬁs codi ng
for any of the s-GDH nutants as di scussed above. The inv on erefore
conprises also isolated polynucleotide sequences encodi ng s- GDH nut ant
proteins as desesiped above. The present invention furthecrerelddes an
expression vector conprising a nucleic acid 30 sequence according to the
present invention operably |inked a prono g[ sequence capable of directing
its expression in a host cell. 2 6 APR 20 WO 02/ 34919 PCT/ EPO1/ 12148 -17
The present inwgption.&urlh r. i ncludes an expression vector conprising a
nucleic acid Sefiertdostids dFﬂgeﬂB“FHemﬁ?E@éntﬂiﬁ%éﬁ@#dﬁ»éﬁ%r%ﬁlﬁwlhﬂked
to a pronoter sersEnding towpdlyipes-GDHIfroed! dahguckicss (€XHgss2)ON in a host cell.
Preferred vectors are plasm ds such as pACSGDH shown in Figures 3 and 4. 5
Expressi on vquor& uaef%l in the present invention typically contain an
origin of replf &5 SOPRRERAFCAHInG & the Presens dnviertiom thereforeds Dttt retrice and
are fol | oned byf RQ@-deiadee HEIH eomerizitig gk dnfifio adid se@fienP@bf WPKaaVABPKE(RID ant s.

The DNA seqye . DO Aginf | esffne RALLAQL, LOE S variants is_ followed
by transcri pt Lm]ggpgg%&%gts?%r%eq%nggg e ?cﬁgr Flg'l’reaq?%ﬁ?rrfga‘\/ gine. SERHD

expressi on ve s CRRESFPARS 0 iPAETNRASTISR of ADNcoaretipue Wid-type meGH an politorar t |
for 10 exanpl e347s86abf A.ibhymbesidgld-thrRquUEMEes wWhi ch provide for stability of
t he expression product, secretory |eader sequences which provide for
secretion of the_ expression product, sequences which allow expression of
t he, struct ur al "GRRePeETISE e G enutant grhercipysaich¥amineSREn 2 NO: 1 adpssane of
nutfients or oldndte, glyxiheae s&ink/indsbpre@iraliia Bt ety R Ki Ng sequences whi ch
are capabl e of providing phenotypic selection in transfornmed host cells,
and the se ger}{:es 15 ich provide sites for cleavage by restriction
endonucl easés.® THE™Eh A aBRErGependent s1GRlhe comprising dhepraessn cridv eatuance usd

must be conpatTASXeaVRKH(SEQEDNG 2), RRérkin sail XD rdsigud 8 sRSnBAPLAY 88dud Hher

exanpl e, when i | n, i .cel,l te t.he .expression_vector
s?(]om)d cont ai r?ﬁ%fg%%&g’ ?sor{gglt%g(#rﬁ%e% I%Qe/"%ﬂ’é%]brf’é tSf ‘%)EBP‘I"’J' é{ﬁq ég(g(.)&. o

lac, or trp). SUFPAIsEo Besitm{R5-431 ofdptalcenseticarwildatyposoGDHvea td (a1 Bioh @34-832
include, for eXanpuéand:&ll-péd&dppl asmd replication origin. Suitable
pronoters include, for exanple, lac and trp. It is also preferred that the
expression vectar includes a sequence coding for a selectable marker. The
sel ect abl eléiaﬁ:l?%‘?“l?lg therseF RHaptntcamprisng$EQ R NQusz isshanaeizgbirethatdaid Xaa

sel ect abl e namésius js selaovial £orh kielbr1PSdoRMAE BF leRineC ARBAY AN RS L3 ANGEJBY be
conveniently ggpj_sg)ﬁ,%jim%;gu f these materials are known in the'art and are

comercially avail abl e ui t abl e expression vectors containing the
desired coding and control sequences may be constructed using standard

recombi nant DNAumtespis ipogpibdiiriek a@Vimowd if B8 & to praBhty tatMPrGbins. Based on the
| important findings of the present invention disclosing the critical importance of amino
20  acid positions 348 and 428 and also the utility of position 76, the skilled artisan now can

easily produce further appropriate variants of s-GDH. Such variants for example can be

obtained by the methods known as random mutagenesis (Leung, D, W., et al., Technique 1

(1989) 11-15) and/or directed mutagenesis (Hill, D. E., et al., Methods Enzymol 155 (1987)

558-68). An alternative method to produce a protein with the desired properties is to

25 provide chimaeric constructs, which contain sequence elements from at least two different

sources or to completely synthesize an appropriate s-GDH gene. Such procedures known in

the art may be used in combination with the information disclosed in the present invention

to provide mutants or variants of s-GDH cbmprising at least one amino acid substitution at

a sequence position corresponding to positions 348, and/or 428 of SEQ ID NO: 24.



are described in Sanbrook et al. (1989). The present invention additionally
concerns host cells containing an expression vector which conprises a DNA
sequence coding for all or part of the mutant s-CGDH. The Eg}tp é&cel S
preferably contain an expression vector that conprises al R 3 of one
of the DNA sequences having one or nore nutations shown in Table 1.

Furt her prefeooredsss e the host 2 6 APR 2005 WO 02/ 34919 P&k ksl 2148 - 18
cells contai ning an expression vector conprising one or nore regul atory DNA
sequences capable of directing the repl ilcéati on and/ or the expression of,
and operatively linked to a DNA sequence coding for, all or part of nutant
s-GH. Suitable host cells include, for exanple, E.coli H3101 (ATCC 33694)
avai | abl e fr ot PG restsowrdips @she presentinRotion cab eigh it praducediby staging from

‘)](L: l- Bl ueCA NRESaavSacDmyeﬂe islri@lﬁteﬂtﬂ‘oai AgrRadek tbhce Dok tipe TRLiA @.)(41?1?9;@ asgegmgs La

ol | a, , n i ke, ression vectors e introduc into
host cells by a%rgnté Iﬁﬁ%‘t ﬁlé ?oéﬁ%u\ﬁnse?uﬁn?ehé’ % ‘.:Dntfgg%f g?%lﬁ‘ﬁﬁthéa,mn he term

t ransf or mat i onhemolepas” cis| msanti tdh eompriess svidrypee ot@PE  eanisdiged afrorh edthaut by

pol yet hyl ene ghi¢gslganmsls, cﬁrﬁheﬂ"t&igﬂls@f&n&mﬂﬁfo | Sasrg ok et
al. 1989). 10 Hpmgégﬁg,yg?%\eté rret(i?so or |nt%§gﬁﬁgﬁg§ﬁﬁégﬁs{?$ ve'c?gs?s
into host cel %2 gP " Yifhrther wordssaffer aprsprsatelientpens fising the Pileli progsmy 2lor
prot opl ast f ud¢astrf0 % afi thelagindzide wHibeyeGDHGENE idetitalens phieeasine Acidedd@ibed in

cont ai ni ng an sgoGBHy@ai ant has been introduced into an appropriate host
cell, the host cell may be cultured under conditions permtting expression

of the desired s-GDH variants. Host cells containing an expression vector
whi ch cont ai ndt willlts uDkixstoed) thetagiatied iofi PNRGind amlinotdcidpagieneds nbingallfukianér s- GDH
are; €. 0., 1bdsRkid gednbinalf relncel Rifly WenloBPiolRld Q08 9PNS AloBRAEACES:
DNA hybri di zatlﬁ%,, t he presence or,_absSence o mar ker gene functrons,
assessment of TTHE Pee 19 %ramipe erid Siffermcesdn temevsrall segienen dlue e ddaléqnson of
s- GDH nRNA t r anlstinitiohs insartibiscinbaséns@ebdditchn of e befibieinifd adid @ sigess e srgoduct

i mrunol ogi cal | Braf & cells are j.dentified.by enzyne
assay, e.g., sg%le ol ourlﬁgr%\lg,\étﬁr_t?%ﬁgg]{)g{g??%gpaﬁ%%gg?cé‘gséu%ft%fl{rﬂ‘\’("érﬁﬁyc?ﬁ maafj%gor

t eaches the g&TEPRiBi 8 e datit o€ etiniffgithfin spolamiy: vaeisen seubilifa Aridnephabictgenesi s
and sat ur atts orbydnophitjeityesridgori the patphipaiROnAsre KITORO risitived ervdfvkd. FoYadxhapiks are

anal yzed for syhstgat kf0 .G oS |tose as wel | ot.her
sugars. The as%a%y }gok%xa%% ?i%%kr% C d%é’é\fgé?sglfﬁg%% & F TR ép‘%,\sﬁgflyt%ﬁaéged
expect ed snal [Ar@Rfhasis drbide sipgandrasgiping aminnpacide wigh nungharged gplarfiead groupoeradd
substi tution, neapolivéhentgoupscving bintlah@R@rdpbaivity wGeo Rlide RedoMWviagidshing the
assay conditions, e.w 1l d type (qgr, parent. nzymne ctjvity is
dose to the | OJ\/E.\)/e}_1 35%? ael{é’?la%’r#nlgl etk .e'_ac‘%%g. edéu%?’ms?eﬁeg%?’ %Uﬁglﬂ’i'e' Bgﬂié’rﬁ“ﬁ of
appr opr i at €0 mirranes Qtaer goytempleisd Frdntioneingludasts ehdnges of thergime vembiotedas
conpar ed over polybétides, ds bWl Qs QGR&MFBrs tdFi the \WRYerSeRRoR FdIfRpides, dRL enﬁsxﬁﬂc,
precursors having N-terminal substitution such as methionine, N-formylmethionine used
) as leader sequences, Such variations may be made without necessarily departing from the
scope and the spirit of the present invention.

25 According to procedures known in the state of the art or according to the procedures given
in the examples section, it is possible to obtain polynucleotide sequences coding for any of
the s-GDH mutants as discussed above. The invention therefore comprises also isolated

polynucleotide sequences encoding s-GDH mutant proteins as described above.

The present invention further includes an expression vector comprising a nucleic acid
30 sequence according to the present invention operably linked a promoter sequence capable
of directing its expression in a host cell.



30,1t should, of course, be understood that not all expression vectors and
DNA regul atory sequences would function equally well to express the DNA
sequences of the present 2 5 APR 2005 WD 02/ 34919 PCT/ EP é%ﬁiﬁﬁﬁ
invention. Neither will all host cells function equally the sane
expression system However, one of ordinary skill in the art may nake a
sel ecti on an®ify28ypy essi on vectors, DNA regul atory sequeaeasyiaiae host
cell s using the guidance provided herein wi thout undue experinentation and
w t hout departing fromthe scope of the pggsent invention. 5 The invention
al so rel ates to a process for producing s-CGDH variants of the current

i nvention co ho t.cell of the invention under

condi tions sui #QQTPHLgbro uc aw#”?ﬂémWﬁﬁﬁﬁﬂQQOGﬁﬁmﬂﬁuwwbnFﬂV%ﬁ??on
For bacteri al qqagemcq:eqcprglmgt SPpﬂ!eatreseml invengion eperably i limked a7 e ﬂrmﬂuﬂed saq@eticeim

cont ai ni ng t hecapyds OfPditeatig; ﬁt{\&:tppésﬁ’&d fn ARGkt A Yedr AR @&%Rt e p d.ﬁ?\lch 'as
oarrp

appropriate an ) |nc u i cillin, cananycin, enicol, 10
tetracyclin arﬁf‘%ﬁdﬁ#fﬁw é’ﬁ MR %rf'ductl on agents incl ude | PTG gl ucose,

| actose and the Ilike. It is preferred that the pol ypepti des of the present
i nvention ase m@taasl&eeéalays RERIH el PRedt Trve QR o Eﬂfé
sequence codin 2 ) t nf%{?%‘%ﬁ%ggfé%l o

h
i nvention nay ’°m°}§gﬂ’6%t‘£tﬁtgaﬂw %hSMSF‘BJEF?%t‘HQIatftfP]!ﬂWeéPYfﬂh?é)Wmu@ﬁG:oded
by a 15 DNA sexgdingdar all odpartjoffseBDH variamis 'ﬁ]ittDHA@ddendEQﬁdxﬂg(ﬁﬁEl 6, pakthtF tHNA

sequences may &BH vaNRNERNEH t@%aﬁeﬁﬁt‘s&tsgmﬂ&%%eq%“& 2Ghd g4, At

sui tabl e expr ch. in turn n an 1 n |Vf$%r

ejtsbrel on vect or

transcription/ aﬂ?TeéPtqnoYF@%P’éht S?\H"‘é‘i@ﬁr‘é@%l \ﬁe‘asteeteSd@m i thegarhrfor

i sol at ed paPy rexerepie, stibiliag leakizs isey@encainathicie prvidd ¢t sHbANE of GRRJRkkin lbidakad to a
pronot er sequepgH expression in |l-free 20
peptide synt hesl?la.‘::i?%'?gjn% ?lgfﬁ?egsen% é} ano tr%emn e ﬁi??@%ﬂ%’bﬂ Hee B Ehe
present i nverf ovheEPEsEappelihs mﬂmmbfemgdulﬁyd e &Ceydthe @sesase or
descri be abo¥absamayoﬁdmeﬁhnhmrlm addReer@ifCthe ?‘é{v&f h‘a@&iuiﬁ§'rﬂﬁki\ﬁ?~§éq@|e’r§e§ \91&1%}1 ne
protein purifigat] 0 ap procedur es
such as ion_excha glge%’: on%?% rap lcsgecﬁ?ﬂmg’ ?Pm“a g@h%%ﬁl"d‘@q”&‘tfﬁ? and
affinity chrt o8BS ‘tﬁ%@b@ea@ﬂﬁbbgﬂe@m@mdQﬁUCk#ﬁes maj or applications of

t he i nproved s- GDH varlants of thls |nvent|on is for the wuse in test

strips to nonigQr hgggé}%hglolg Jesshd dld;ﬁ(grlélestehc I%’?}%ﬁz ‘z}gngt}gto ttslte

insensitivity ependen ose &L
syst em usi ng t Bedest PGEF&\F&F ieple, (when cloping rinrg E@hlmﬂe}'stear,elme by

oxygen than S}expxem;mb&S@d;h&ﬂdg&ﬂiﬁﬂ@ﬂ)n{%ﬁer@iéblﬁi@&&oml\tﬁéEenbﬁ’i?%fﬁ?d?xtc gk pce the

S- G:)H var I ant %achalyg‘p)' gB'tagYe O%gﬁ'ge()? rep I(C:altlto it %.Vc\ﬁlr \ga%ous ﬁoséplgdgg 0?orvt\elx)argzle 334919
PCT/ EPOL/ 12148 P

ColE1 plasmid replication origin. Suitable promoters include, for example, lac and trp. It is
also preferred that the expression vector includes a sequence coding for a selectable marker.
) The selectable marker is preferably an antibiotic resistance gene. As selectable markers,
ampicillin resistance, or canamycin resistance may be conveniently employed. Al of these
materials are known in the art and are commercially available.

25  Suitable expression vectors containing the desired coding and control sequences may be
constructed using standard recombinant DNA techniques known in the art, many of which
are described in Sambrook et al. (1989).

The present invention additionally concerns host cells containing an expression vector
which comprises a DNA sequence coding for all or part of the mutant s-GDH. The host
30 cells preferably contain an expression vector that comprises all or part of one of the DNA

sequences having one or more mutations shown in Table 1. Further preferred are the host



-20 glucose and significantly decreased relative enzymatic activity towards
ot her sugars, the interference due naltose, gal actose, and/or other

rel ated sugars which may be present in a sanple to be anal_%/@ﬁdzﬁs
significantly reduced. O course many kinds of sanples maﬁb 005
investigated. Bodily fluids | ke serum plasma, intestinal fluid or urine
are preferredogensees 5 for such sanples. The inventi onral/e®18080r i ses a
nmet hod of detecting, determ ning or measuring glucose in a sanple using a
s-CGDH nmut ant according to the present invgntion. It is especially preferred
that the inproved nethod for detection of glucose in a sanple is

characterized (| g-?;ajd . ecl | ro.pation or a ment_ of

gl ucose is perdf%rgr?g% u pgﬂ:ggggé%s%?ggirzon&gﬁg %ggrs ?fepre%%? ?ﬁ‘ifeﬁgewst hi n
the scope of tRReblsrAdigetingiherrplishon andfordhe pxpsestion of laed gparatively dinkedrto a
mﬁ_asu_r enent @Nglsh@exiice coing f@aﬂpblep&pamﬁﬂmganzslfﬂaﬁembhgdm Aekal dbng to
this inventio . entss, .requij.e r ur nt .
The s GOt var XaRRb ek BB10 LTC SRHRRIRYL B alefied Bod Plopes Tttt on
can al so be3 uddalisonsWi.d e Bt1-Blye dREmyelabls fiviroSteatagenes(1001 106w thaTorkey Pine, et

al ., Bi osensorroad, 1aJEROTA, 1isAS 4nd dk@Ukd Navicius, V., et al., Analytical
Letters 32 (1999) 299-316; Laurinavicius, V., et al., Mnatshefte fuer

Chem e 130 (1999) 1269-1281) for online nonitoring of glucose in a sanple
or a reactor. Bxpressiay; vectprsmppyde introduced i@Dkbsv ealls binvasiovamethddknewa phe artbe
used to coat Fap BrahSBRELA oF Bost LS With ShGiedsioR dectds (hh 8D QFM L 5onP! ex
containing a re ?éi Oenéon UC%’%Vf gopo netgor .(Ye tf‘t ?I s 1993, supra) for
nor e accur at e FJaE&F I CoROr et B ““’é%hffﬂ? rpginehethed (3mbropket el 4989)-al so
ot her possi®l dlayspiri ether wethodsffot ingrodudigHxpmesioantestomiinto Holsecellsyisrosatiple,
substrate specictirSiorHioRAAIAE Aflcddd, bibiobil Bidbh A b EHARLC, L hESE S- CDH

variants may be used in an aldonic acid production proc Wl d-type

s-CGDH has a high turnover in 25 substrate oxidation producing gluconic and
ot her al doni c CH'CC'FGB.EXBySS@mingI bentani@Dien svGDH amtisnt hahbedn iatredured éntspaci fic
for gl ucose, taggopﬁﬂdh&t BN hod LAGRRILE Ak aul &tnéiﬁghﬁ ];ermilté}lsg&r!:eé?%}s{ogss

byproducts. W t her z;g)g)l—( _varllgnts of different substrate fircity,
it is possiblPeHESeR R Trrirrts R celly PaHiningA) efRressionegien Whieh coptsing jae
fol | owi ng &xamNesgueict codimglontls or pesifithciniant SGDYNES, e.goidknafiEFy sRtRr i al s
were 30 obt ained of thO BIRRERG A IADS b & SDIR LR arin £S5 Of het . commerci al
sources are specij ?i ed, 2 GQEI%R 28]8% VWO o%%ﬁ‘ﬁ'@%&@éﬁ%ﬁ?ﬁﬂ% a-gffceaoﬁcd used
according to CHEST BEPT fPents ayessaet Rl thedeve pfyrpnseriptionywsr medsared tanthe
met hods  enpl @ywlhicticrof s1EDHD mRNA aisiript,in tHedba il indZdtdcOon ke hopicagtof DNA
are wel | knowfminndiBScaly. Preferably transformed host cells are identified by enzyme assay, eg.,

20 colourimetric detection.

| The present invention also teaches the generation and screening of s-GDH variants,
- Random mutagenesis and saturation mutagenesis is performed as known in the art.
Variants are analyzed for substrate specificity for glucose, maltose as well as other sugars.
The assay conditions chosen are adapted to ensure that the expected small enhancements
25 brought about e.g., by a single amino acid substitution, can be measured. This has been
accomplished by adjusting the assay conditions such that the wild type (or parent) enzyme
activity is close to the lower detection limjt. One mode of selection or screening of
appropriate mutants is given in Example 3. Any change or improvement as compared over
the wild-type enzyme this way can be dearly detected.

30 It should, of course, be understood that not all expression vectors and DNA regulatory
sequences would function equally well to express the DNA sequences of the present



art (Ausubel, F., et al., in "Current protocols in nolecul ar biology"
(1994), Wley Verlag) and can be adapted as required by the skilled
artisan. 5 The follow ng exanples further illustrate the present |nvention.
These exanples are not intended to linit the scope of thabpP8<8

i nvention, but provide further understanding of the invention. Exanple I
10 C oni ng awd eespnessi on of the wild-type A cal waceti cweTgehublie PQQ
dependent gl ucose dehydrogenase in E. coli The s-GH gene was i sol ated
from Aci net obacter cal coaceticus strain LM2 79.41 according to standard
procedures. The wild-type s-GDH gene was subdoned into a plasmd

appl 1 cat 1 on o Btk BaBY 3 b Wk RaBE oY RSB A B SReSEER s
application

Fi gures 3 and Hgwevarhene tPfeEélﬁMYﬁhﬂmn @Iealstmladsnakas sélerttion dmorglexprasvoraveatoss
organi sm sel ecpRs a0l heqdents) dndHRURIs uiRE R @ﬁ&ﬁwﬁ 1d\9@§1§re£n out
cultivated under ria ? gnd tiagns and col oni es OW Nng -
activity sel ecPsye g‘%ﬁ%‘% é%cﬁ‘ia(‘} M&%@%FP %{%ﬁhaffé’aw tB?rF&“QUBV‘-’ﬁP"n
over - ni ght culture of the clone 20 nentioned above using the Q AGEN

Plasm d Maig Kite &Qnﬁ%&)so%ﬁﬁﬁ ) anr Qsst e pﬁm%ﬁ%tcs!ﬁﬁf&n%?to?%’é cur{éﬂ?

pl asm d was resus ended in est ter concentration_o
pl asnid was deter ’hé‘H” WERRCA g hc%\l&\@m@"@ﬁﬁ’ﬁ BRea pnditions suifablg f9r was
600 jig. Then rtrbnda:cq(yabf thy roftant kGDH afSitr thvevaion dedr da ek Hodd Yella gapies eulgné

el ect 1 0phor esiSndiddntAnRLe @Mzﬁg@%tﬁ@g}r}!ﬁ HERRITE hf BRI L3k OnS

in the s-GH gene,, nutagenic P ras aln r.eaction

performed. Th YBKESEPPIOBTAE i Rf t1H dugsmpicilian canaspisivei Adorotepisoicohit at ed
enzymes (POR petoxydib ahdohe hkd Sgsal mdﬁaa); defteindinge ST ghich, laAgse! ®Althe CLi on
2 6 APR 2005 . 02/34919 -22 PCT/ EPQO1/ 12148 enzynmes Sph | and Eco RI. The
products were gel purified. The digested DNA sequences were |igated and an
aliquot of the ligation reaction m xture was used to transform conpetent
Ecoli cells. Ttie pteafeared ftiot thertolypepeides cﬂ'uibqee;bk&ﬁideym&ﬁhealﬁﬁﬁe@!sy didtioh 85

cont ai i ng. AMogiddd Bl BIR el D dLh a5 re chosen, . or own
over night in LB rre ntal ning I'n uaan Sr&@e&é’(ﬁl}?eq@a%@ﬂ? ng
(see Exanple 3 ese’l\?lﬁ’ﬂ"é@‘é‘?ﬂ papre beohtained by frf wyrq tignslation of the mRNA encoded by a
15 DNA sequence coding for the mutant s-GDH. For example, the DNA sequences may be
synthesized as described above and inserted into a suitable expression vector, which in tarn

may be used in an in vitro transcription/translation system.

An expression vector comprising an isolated polynucleotide as defined and described above
operably linked to a promoter sequence capable of promoting its expression in a cell-free

20 peptide synthesis system represents another preferred embodiment of the present
) invention.

The polypeptides produced e.g. by procedures as describe above, may then be isolated and

purified using various routine protein purification techniques. For example,

chromatographic procedures such as ion exchange chromatography, gel filtration
25  chromatography and affinity chromatography may be employed.

One of the major applications of the improved s-GDH variants of this invention is for the
use in test strips to monitor blood-glucose level in diabetic patients. Due to the insensitivity
of PQQ-dependent glucose dehydrogenase towards oxygen, a systemn using the improved s-
GDH variants is less prone to interference by oxygen than systems based on glucose

30 oxidase. More important, since the s-GDH variants have improved specificity towards



40 ng pACSCDH 1 x buffer w thout MyCl2 (Roche Di agnostics GrbH, Cat 1699
105) 10 dCTP, dTTP 1nM dATP, dGIP 0.2 nmM (Roche Di agnostics GrbH, Cat 1969
064) 40 pmol GF23-Primer (5'-CGC GCA CGC GCA TGC CGC CGA TG[. T = SEQ ID
NO 4) 40 pmol GR23 (5'-GAC GEC CAG TGA ATT CTT TTC TA) (2:5 b No 5)

15 7 mM MgCl12 0. 6nmMvWnNCl2 5 U Tag DNA pol ynerase (Roche Di agnostics GrbH,
Cat. 1146 16%o@mm9sAnp PCR System 2400 (Perkin Elnmer), 3rveiees 95 C 1
mn, 45 C2 mn, 72 C2 mn 20 - Purification of the PCR products using
the Hi gh Pure PCR Product Purification Kit, from Roche Diagnostics GrbH
(Cat. 1 732 676) according to the manufacturers protocol. - Digestion of

the PCR-fragnmepts with 25 U | (Roche Diagnostics GrbH, Cat 606 120) in
| x buffer H (géﬁ%% &Hﬁléléwgﬁ“i%@geéfﬁﬁq refatiye enzZymaticrydvitytowards othsy ggani Gat ; 2
6 APR 2005 WO Bpr59todieghilEROpildRdsd dnd/2Bothetdichied Bugafs wHichUndyaRipfestiRas he

Di agnosti cs GilkhplCat be/fdlvZed i) si | i r 5 hours -

Di gestion of 50 ég%(iseg}&r@gﬂ SOC%WS;CEF&%%B{D%E%&%%%FS ?%SaTP%S B P& H

for 4 hours afvghexed Bodilygwdslikeserym plaspe dptestippl uidor arigesre prefomrds@Di4s and

t he di gested ffoagmbmimsplessi ng agarose gels (0.8 % - Extraction of the DNA

nmol ecul es using Q Aquick Cel Extraction Kit (Q agen, Cat. 28706) according
to the manuf actur.ers gé tocol - Determ nation of the concentration of the

fragnents and tHe™HRHeR HEyCRFEESr Mediod gt detectine, Beteimining DUNTMOgRbsbes RS er -
Dlet er mi nﬁt | on snpleisingual GDY natarit b&g@wgité Hg@:&éﬂdlmﬁ&nbn {ﬁ%ﬁ&:ﬂﬁ?pﬂﬁ}red

el ect rophor esi g, .ge vect or 1 ng, . ,
nPCR- f r agnent s ut%ﬁgﬁg‘gﬂe%c%?%ﬂpgﬁ%‘g%? RocEhHe? 3%’5&%&‘“@%%1”@3@ 481
220) in a vol UIREHP™ sstepmination or measyrement nf ghwcost3s performed pegor senbaror ofst

el eCt r oconpl@t evntip ddvice- cel |s (Stratagene) with 1 1 of the ligation
reaction with 2.5 KVin 0.2 cmcuvettes using a BioRad H coli Pul ser

( Bi oRad)

Also within the scope of the present invention is a device for the detection or measurement
of glucose in a sample comprising a s-GDH mutant according to this invention as well as
other reagents required for said measurement.

The s-GDH variants with improved substrate specificity of this invention can also be used
15 to great advantage in biosensors (D'Costa, E. J, et al,, Biosensors 2 (1986) 71-87;
Laurinavicius, V., et al., Analytical Letters 32 (1999) 299-316; Laurinavicius, V., et al.,
Monatshefte fuer Chemie 130 (1999) 1269-1281) for online monitoring of glucose in a
sample or a reactor. For this purpose, the s-GDH variants can, for example, be used to coat
an oxygen-insensitive glassy electrode with an osmium complex containing a redox
20 conductive epoxy netwozk (Ye et al.,, 1993, supra) for more accurate determination of the
) glucose concentration.

There are also other possible applications of the s-GDH variants with the improved |
substrate specificity according to this invention. For example, these s-GDH variants may be
used inl an aldonic acid production process. Wild-type s-GDH has a high turnover in

25 substrate oxidation producing gluconic and other aldonic acids. By using the s-GDH
variants, which are more specific for glucose, the production of gluconic acid would result
in much less byproducts. With other s~GDH variants of different substrate specificity, it is
possible to produce different aldonic acids as required.

In the following examples, all reagents, restriction enzymes, and other materials were
30 obtained from Roche Diagnostics Germany, unless other commercial sources are specified,



- After growth in 1 m LB at 37 C for one hour, bacteria were plated on

LB-Ampicillin Agar plates (100 pg | m Ampicillin) and grown over night at
37 C. - 50 %of these clones expressing nutated s-GDH We'rfﬁﬁt @U\ge usi ng the
following 20 screening method. 2 6 APR 2005 WD 02/ 349193 MR8l screeni ng

PCT/ EP01112148 The mutant col oni es on agar pl ates descri bed above where
pi cked in m eswaodzisuap plates 5 (nmtp) containing 200 pl  per/EPS1/12148
LB-Ampicillin-media/well and incubated over night at 37 C. These plates
are called nmaster plates. Fromeach naster_plate, 5 pl sanple/well was
transferred to a ntp containing 5 | per/v"v@ilr of B (B=Bacterial Protein
Extraction Reagent; Pierce No. 78248) for cell disruption and 240 .tl of

0. 0556 MMV pyr odddonsqdliabstdife o0t rﬂaﬁ&ﬁéﬂ%@%ﬁwrﬁ@y M dEBRRS. OberafiMs @& LetRdds 10

7.0/ wel |l for i K e & ed. [oX0) te the formation of
the hol oenzyﬁ&éﬁlﬁﬁgfgtﬁg I?%%gu at et é‘oﬂgggSngmgea%@Pw‘lﬁl over
night. This pl&t “P‘%“-’m“;ﬂté‘d B oFRTRE PIStesels in molsmylerthiologyt K1934), WYikey &etlagy- 10

. d sanpl e/ hol eanfareb¢ adaped erreqdret by thaskitedpitysatit ps. After that, one was
tested with glucose and the other with maltose or other selected sugar 15

nol ecul es a supstrate. All ar. nol ecul es were used _in equi nol ar
concentrat i %n?}hﬁ'%gmﬁﬁ? Wﬂ}ﬁﬁ' disite dheaprasephisvephippeThesy exgmgles atssust as
substrate was gtepdedgoligunthe seope of thy prefeneinveitios, tol paivide durdiet findefandinges
sugar was conpéae itfedtiont he gl ucose value and calculated in percent activity

((dEf min Mal tose/ dE G ucose)*100). This is equivalent to the

Cross-reactivi of the (nmutant) enzyne. 20 Exanple 4: Sequenci ng of nutant
s- GDH gene fro‘%ﬁéﬂlﬁkﬁ;geni ¢ PCR The plasnmi d containing the mutant s-GDH gene

that |eads to 50 % mal t ose/ gl ucose activity was isolated (Hi gh Pure

Pl asmi d |sqbat¢19mngkﬁdq§a§m JPRORRSLHER, ; 7%@3 5 and
sequenced usi ngy Bl _Pri sn?.Dye Ter M nat or éﬁ%ﬂlgﬁlﬁg %e}"énn(fn%@l‘mﬁn and

3/ 77 sequencer ?‘ﬁo S ehiam Phar maci a Bi ot ech). Follow ng prinmers were used:
2 6 APR 2005 02/ 34919 PCT/EPOL112148 -25 Sense strand: GDH F2 : 5'-TTA
ACG TGC TGA ACACEYDibgens was isolted) oy Aduetabycter calcoaceticus strain LMD 79.41 according

to standard procedures. The wild-type s-GDH gene was subcloned into a plasmid
containing the mgl promoter for adjustabel expression (cf'Patent application WO
15 88/09373). The new construct was called pACSGDH (see Figures 3 and 4). The
recombinant plasmids was introduced into a host organism selected from the E.coli group..

These organisms were then cultivated under appropriate conditions and colonies showing
$-GDH activity selected.

The plasmid pACSGDH was isolated from a 200 ml over-night culture of the clone
20 mentioned above using the QIAGEN Plasmid Maxi Kit (Qiagen) according to the
manufacturers protocol. The plasmid was resuspended in 1 ml bidest. water. The
concentration of the plasmid was determined using a Beckman DU 7400 Photometer. The

yield was 600 pg. Then the quality of the plasmid was determined by agarose gel
electrophoresis.

25 Example 2;
Mutagenic PCR

To generate random mutations in the s-GDH-gene, mutagenic PCR (polymerase chain
reaction) was performed. The pACSGDH plasmid and the DNA sequence encoeding the
30 mutated enzymes (PCR product from mutagenic PCR) were digested with the restriction



GDH F3: | 5' - GAT GCT GAT GGG CAG AAT GG 3' (= SEQID NO 7) GCDH F4: 5'-ATA
TGG GTA AAG TAC TAC GC -3' (= SEQ ID NO 8) GCDH F5: 5' ACGATCCAACTT GTG
GAG AG3' (= SEQID NO 9) 5 Antisense strand: GDH R : g%ﬁ@gEQEAGW TGG
GTA ACG CC-3' (= SEQ ID NO 10) GMH R2: 5'- ATACGGAAAAT CG 3' (=
SEQ ID NO 11) GPH R3: 5'-GGG CCT TGI TCA GAC TGC AA-3' (= SEQ ID NO 12)
GDH R4: 5' - Cwl @GABI1GAC CTG ACT GAT GG 3' (= SEQ I D NO 1FCT/E@DHIRS: 5' - CAT
AAC AAC GCG TGC GGC TT-3' (= SEQ ID NO 14) 10 Results: =>6 nutations on DNA
sequence level b 4 nutations on am no achg.level: at position 340 (mature
enzyme) change fromE to G 15 at position 348 (mature enzyne) change from

Tto S at pos chan ge fro t0 p05|t|on 413
(mat ure enzyrre %e%fa%g%tc é‘;&e& &C @(%ﬁ eft?;l ﬁfg} obtarftéd by
saturation rrut‘d@fériwsieé aﬂnﬁéﬂ@h@k@héﬂgehgn@:e:acm@npwmvagwésp stragsform

(Stratagene, Coimpe2@DFEBY MBS THCfadsRrmsid Shetd ‘s‘@lﬁeq%@&tﬁe§§éc¥eﬁl ¥n vm# lateY P€
am no adds at defined Qs tions of the s-CGDHprotein or 6 APR 2005 WO

02/ 34919 PCTI EFGT24 6- of s-CGDHnutants (plasm de purification as
di scri bed above) with ot her random ami no acids. The 5 - and the 3'-priner

used for NUBAgEHNRKLS iNuViSuE ONBLERAL Abdked, %rc%cslve%lgg{ P8 maRRt @(')rﬂﬁgm NN i n
a central positi on Th s&. nugl eoti des y 12 to 16

wer e a d
nucl eot i des at BREHn ﬁUé’i’fE&@eeoﬁ"‘“’Pﬁ}é Rucl eotides were i dentl cal to
the cDNA- strand or to the corrpl enmentary cDNA-strand flanking the codon for

the am no add fMékgenidPCR tQcHQ nfiist i tuted. Instead of the codon, the priner
contai ned NNN therefore the oligonucleotides code for every codon. For

every defined position, one PCR reaction was perforned. 10 The

PCR:reacti ons R%GD%I di gestions were performed according to the
manual . After that, 1 d of each reaction was used for the el ectroporation
of XL1F- cell sleJieTelrsrithmMgcm(meamgnbhes smERCacisby1dsy of the cl ones was
determ ned as descri bed above. To ensure statistically that all 20 am no
aci ds vari ant sdoey, eTsetagned, 200 clones were tested for each position. 15
The follow ng priners where used

dATP, dGTP 0.2 mM (Roche Diagnostics GmbH, Cat. 1969 064)

;Oopx;)ol GF23-Primer (5-CGC GCA CGC GCA TGC CGC CGA TGT TC) (= SEQ ID

40 pmol GR23 (5'-GAC GGC CAG TGA ATT CTT TTC TA) (= SEQ ID NO: 5)
15 7 mM MgCl2
0.6 mM MnCl2

5 U Taq DNA polymerase (Roche Diagnostics GmbH, Cat. 1146 165)

Gf::ne Amp PCR Systemn 2400 (Perkin Elmer), 30 cycles: 95 °C 1 min, 45 °C 2 min, 72 °C 2
mmn

20 - Purification of the PCR products using the High Pure PCR Product Purification Kit
from Roche Diagnostics GmbH (Cat. 1 732 676) according to the manufacturers
protocol.

- Digestion of the PCR-fragments with 25 U SphI (Roche Diagnostics GmbH, Cat. 606
120) in 1 x buffer H (Roche Diagnostics GmbH, Cat. 1 417 991) at 37 °C over night;



for position 340 Sense strand EGF 5'-TCC AAC TTG TGG ANN N AT GAC CTA CAT
77-3" (= SEQ ID NO 15) Antisense strand ECR 5' - AAA TGT AGG TCA TNN NTC

CAC AAG TTG GA-3' SEQ ID NGO 16) 20 for position 348 Sens% sAERRa2 TSF 5' -
CAT TTG CTG GCC ANN NGT TGC ACC GIC AT- 3' (= SEQ ID NO 1)6 ense
strand TSR 5' - ATG ACG GIG CAA CNN NTG GCC AGC AAA TG 3" SEQ ID NGO 18) 2
6 APR 2005 VWwa02s84919 - 27 PCT/ EPOL/ 12148 for position 3eBreenaesstrand NHF
5'-TAC TGG TTG GGA ANN NAC ATT ATT GGT TC -3 (= SEQ ID NO 19) Antisense
strand NHR 5' - GAA CCA ATA ATG TNN NTT AAC CAG TA-3' (= SEQ ID NO 20)
5 for position 413 Sense strand SNP 5' - TGT GAT TGC ANN NCC AGA TGG GAA

TG -3 (= SEQ ID nestrandS 5' - CAT TCC CAT CTG GNN NTG
CAA TCA CAT CA-3 tﬁﬁonséé} t@&@s &2% e iegngttics G Hﬁ%@ URi7AD sadiferthendigeptian at
positions 340, 38®3amdus13 didn't change the substrate specificity. Only

t he wobbl e at position 348 did yield clones with a substrate specificity

from 25-100 % ( rr@ltose/ uco 5)3 Nunerous_rounds of nutagenic PCR and
saturation muta Bg TS Heth 189 Uigpsl andr)8p d xorfer Hrferi4 t hat

positions 348 an}sblﬂeﬁaape of major inportance and that exchange of other
am no acids may further inprove the specificity for glucose of mutated

s- GDH. Represent ative data and positions are given in table 1. Table 1:
Exanpl es’ foP s- CBHcleetrapbatesinif the digested @d CSERE ahil dietdjgestert fragnmeaniging 2fdrose
Abbrevi ations: ngds(oB9)0t tested SA = specific activity (U ng protein) with
gl ucose as substrate Changed amino acid tod ucoseMal tose

conver si onGal act oseSA wi | dt ype sequenceconver si onconver si on

W | d t ypel00%-0558B%HG00 tha (ONA ol G WBALQBAMOR @ ExiFadion Kit (Qiagen, Cat.

28706) according to the manufacturers protocol

- Determination of the concentration of the fragments and the digested vector using a
10 Beckman DU 7400 Photometer

- Determination of the quality of the purified products by agarose gel electrophoresis

- Ligation of 100 ng digested vector with 140 ng mPCR-fragments using 1 U T4-DNA-
Ligase (Roche Diagnostics GmbH, Cat. 481 220) in a volume of 20 pl at 16 °C over

night

15 - Electroporation of electrocompetent XL1F- cells (Stratagene) with 1 pl of the ligation
reaction with 2.5 KV in 0.2 cm cuvettes using a BioRad E. coli Pulser (BioRad)

- After growth in 1 ml LB at 37 °C for one hour, bacteria were plated on LB-Ampicillin
Agar plates (100 pg / ml Ampicillin) and grown over night at 37 °C.

- 50 % of these clones expressing mutated s-GDH were active using the following
20 screening method. —



369 Nto H 413 Sto N 1221 to L10094239449478 2 5 APR 2005 WO 02/ 34919

PCT/ EPUL/ 12148 -28 295 Qto L 422Ltol 348 T to D1009%80%n.t.n.t. 348 T to
Al00%G7%.t.n.t. 348T to GLO0%R2%209910 428 N to PlOO‘VBWSfVQ. QH@%S Tto G
428 N to V1009R2%22%.t 348 T to G 127 T to MLO0YAYB2%. t .. A 348Tt oG
428 Nto P 76 Qto AL00%7%.t.n.t. 348 T to G 76 Qto ML00%8%.t.n.t. 348
Tto G76 QwooiEA7%.t.n.t. 348TtoG 76 Q to P100%7%ctEMminz1a848 T to G
76 Qto S100%47%.t.n.t. 348TtoG 76 Qto GLOO%R0%n.t.n.t. 348 Tto G 76 Q
to E1009%47%.tn.t. 348 T to G 143 Dto EQO0%7%.t.n.t. 348 Tto G171 Y to
H100%49%.t.n. t.

Example 3:

Screening

The mutant colonies on agar plates described above where picked in microtiter plates
5 (mtp) containing 200 ul LB-Ampicillin-media/well and incubated over night at 37 °C.
These plates are called master plates.

From each master plate, 5 pl sample/well was transferred to a mtp containing 5 il per/well

of B (B=Bacterial Protein Extraction Reagent; Pierce No. 78248) for cell disruption and

240 pl of 0.0556 mM pyrollo-quinoline quinone(PQQ); 50 mM Hepes; 15 mM CaCl2 pH

10 7.0/well for activation of s-GDH were added. To complete the formation of the

' holoenzyme, the mtp was incubated at 25°C for 2 hours and at 10 °C over night. This plate
is called working plate.

From the working plate 2 x 10 pl sample/hole were transferred to two empty mtps. After
that, one was tested with glucose and the other with maltose or other selected sugar

15 molecules as a substrate. All sugar molecules were used in equimolar concentrations.

The dE/min was calculated and the value using glucose as substrate was set to 100%
activity. The value obtained with the other sugar was compared to the glucose value and
calculated in percent activity ((dE/min Maltose/dE Glucose)*100). This is equivalent to the
cross-reactivity of the (mutant) enzyme. |

20 Example 4;
Sequencing of mutant s-GDH gene from mutagenic PCR

The plasmid containing the mutant s-GDH gene that leads to 50 % maltose/glucose activity
was isolated (High Pure Plasmid Isolation Kit, Roche Diagnostics GmbH, No. 1754785)

25  and sequenced using an ABI Prism Dye Terminator Sequencing Kit and ABI 3/73 and 3/77
sequencer {Amersham Pharmacia Biotech).

Following primers were used:



348 Tto G308 Kto N 171 Y to D100%48%t.n.t. 348 Tto G317 Fto V 127 T
to S100%1%.t.n.t. 169Lt oH 348Tt oG 355Yt oH 16 N to D100%R2%.tn.t. 120TtoS
2 6 APR 2005 WD 02/ 34919 PCT/ EPOL/ 12148 -29 177Q oR 277YtoH 348 T to G 116
lto T100920%.t.n.t. 255 Nto T 299 Kto R348 T to G 227 HbtABR 2005
Y100%48%.t.n.t. 348 Tto G438 Nto S 341 Mto V100%0%.t.n.t. 348 T to G
348 T to GLOOAM0Aes . n.t. 349 Vto G428 Nto P 171 Y torGiepf@¥mst.n.t.
230 Pto H348 Tto G428 Nto P 230 P to H100%0%.t.200 348 T to G 428 N

to P -25-
Sense strand: GDH F2:5-TTA ACG TGC TGA ACA GCC GG-3’ (= SEQ ID NQ: 6)
GDH F3: 5'-GAT GCT GAT GGG CAG AAT éG—3' (; SEQ ID NO: 7)
GDH F4: 5'-ATA TGG GTA AAG TAC TAC GC -3" (= SEQ ID NO: 8)
GDH F5: 5-ACG ATC CAA CTT GTG GAG AG-3’ (= SEQ ID NO: 9)
5 Antisense strand: GDH R1: 5°-CGA TTA AGT TGG GTA ACG CC-3' (= SEQ ID NO: 10)
) GDH R2 5’-ATA CGG AAA ATG ACA CCA CG-3" (= SEQID NO: 11)
GDH R3: 5-GGG CCT TGT TCA GAC TGC AA-3" (= SEQ ID NO: 12)
GDH R4: 5-CAA GAC GAC CTG ACT GAT GG-3" (= SEQ ID NO: 13)
GDH R5: 5'-CAT AAC AAC GCG TGC GGC TT-3" (= SEQ ID NO; 14)

10 Results;

=>6 mutations on DNA sequence level
& 4 mutations on amino acid level;
at position 340 (mature enzyme) change from Eto G
15 at position 348 (mature enzyme) change from T to $
at position 369 (mature enzyme) change from N to H

at position 413 (mature enzyme) change from § to N

Example 5:

20 s-GDH mutants obtained by saturation mutagenesis

The QuickChange Site-Directed Mutagenesis Kit (Stratagene, Cat. 200518) was used to
substitude successively wild type amino acids at defined positions of the s-GDH-protein or



227 Hto F100%%.t.n.t. 230 Pto H 348 T to G428 Nto P 143 D to
E1009%47%.tn.t. 348 T to G 143 D to E10094%82%at. 348 T to G 428 Nto P 169
Gto X100%2%.t.n.t 230 Pto H348 T to G 428NtoP 2 6 APEZBBZ%FEZUBP 02/ 34919
-30 xa e Purification of nutant s-GDH T348G PCT/ EPOL/ 121 own cells
(LB-Anmp. 37 C) were harvested and resuspended i n potassium phosphate 5
buffer pH 7.v00o0x@abis di srupti on was perfornmed by French Presepopaasage
(700-900 bar). After centrifugation the supernatant was applied to a

S- Sephar ose (Anersham Pharmaci a Biotec)_,ccol um equilibrated with 10 mM
pot assi um phosphate buffer pH 7.0. After washing, the s- GDH was el uted
using a salt gradient 0-1 M NaC. The fractions show ng s-GDH activity

wer e pool ed, ofl -8B etitagaphstnideguaisitiomap hesibhd bisovbutdtie bthetHraAdGmamdno
re-chromat ogpgphi ed 10 on re-equilibrated S-sepharose columm. The active
fractions were pool ed and subj ected to a gel filtration using a

Super dex(r) gigo col Iy gAmsrsha ci a. Biotec The activ ractions

were pool ed and stBFe L o RS A Pg;?’bef‘mmd?tcgromeﬁé? on of
mut ant T348Geenteingd NN via & -caidrl me@le'Fhecben@ﬂemdatwm feabedp &y f18r we b Usi ng

the Proteisn Aaa@ahdaﬁag@aeﬁ eh®. n@%agémfe; emhe%ia@éﬁegﬁa@qaédubﬁ%m@cﬁmye W' th
BSA, 30 Mn. 37 C

0. 0556 nM py 5t ’d&ﬂh%‘?‘%%eme&gp’hmeﬁ@d agﬁig% prOt o é‘ abH 7 0

and i ncubat edaditto 26 Gubpstitut8D) Instead tof she fadon,r the qisder tcontmna:l Mmﬁamfaﬁ:ltbﬂ

After activalyj @thgesg;d %ugpéne e added to 1000 pl of a 0.2 Mcitrate
buf fer sol uti ogd}m ¥ 5.8; at 2\56% contai ning 0.315 ny

(4- (dl met hyl phosphl nyI rret hyl ) - 2- net hyl - pyrazol o

[ 1./5a] - i m daFot evéryydefinddiposition, osoPER regttionavas peefofrmel pat ent US 5, 484, 708) / m
as a nedi ator

10 The PCR-reactions and the DpnlI digestions were performed according to the manual,

After that, 1 pl of each reaction was used for the electroporation of XL1F- cells. Cells were
grown and the s-GDH activity of the clones was determined as described above.

To ensure statistically that all 20 amino acids variants were screened, 200 clones were tested
for each position.

15  The following primers where used:

for position 340 Sense strand EGF 5°-TCC AAC TTG TGG ANN N AT GAC CTA
N CAT TT-3' (= SEQID NO: 15)

Antisense strand EGR 5- AAA TGT AGG TCA TNN NTC CAC AAG TTG GA-3' (=
SEQ ID NO: 16)

20  for position 348 Sense strand TSF 5'- CAT TTG CTG GCC ANN NGT TGC ACC GTC AT-
3 (= SEQ ID NO: 17)

Antisensestrand TSR 5'- ATG ACG GTG CAA CNN NTG GCC AGC AAA TG-3" (=
SEQ ID NO: 18)



and 33 mM sugar). Extinction at 620 nmis nonitored during the first 5
mnutes at 25 C. One Unit enzyne activity corresponds the conversion of 1
mvbl nmedi ator/ m n under the 25 above assay conditions Cal cul atign:
Activity= (total volume * dE/min [Un]) : (a * sanple volldnk® *Zﬂﬁ% (s =
coefficient of extinction; in this exanple 420. = 30[1* mmoI"1 * cm''] ).
Z 6 APR 2005wW0B2184919 -31 PCT/ EP01112148 The assay wagcpepfiaeaed wth
gl ucose, maltose and gal actose (Merck, Germany). Results: Sanpl eSpecific
activity UngProtein % nmal tose/ gl ucose 9%ygal act ose/ gl ucose (gl ucose as
substrat e) conver si onconversi on w | de-typel000105%0% Mut ant T348(G01022%20%
5 Bxanple 7. Xogtioh iisenid @lndIF OB FOEICRIGR RREANRE AMSACEPICTRI t Ose
led for @

The wi |l d-type,,an L I348G of s-GDH were app ucose
det er mi nat i oit ?Tﬁggjﬁﬁmrlg)nce sanpl es contai ned 65 ng glucose/dl. The

"test"-sanple contained 65 ng glucose/dl and 130 ng/dl naltose. The same

amounts of Chbiagidakdd ( Uiikis 568 SOAYIR ATO TRIGRY? CER/ACIERE 142 (€ach
m 0. ny

assay. In a s mxed: 1
(4- (di met hyl Bﬁ%i’éh‘ﬁléﬁmt hyl ) - 2- met hyl - pyr azol o-[ 1. 5a] - i mi dazol - 3-
yl)-(4-nitrosophenyl)-amne mM/0.2 Mcitrate pH 5.8 0.015 m sanple

(gl ucose of geasen 13 TBAd GRh i sTHEATRAAYIFECINI 1vBE Adrag Qi Ppd M. 90

Umnm s-GDH . The nge. of absorption nmM was non
m nut es consf%ﬁ?sé(s?lag@‘\%/@re observed and the dE/5 mn cal cul ated. The
val ue obtai ned neasuring the reference sanple with wild-type s-GDH was set

to 100% Theaptfafle sHALAIES WK ©. ‘éﬁ%dé@%%;ﬁ{&%y&ﬁfééﬁﬂm%f%%%

calculated ip_9 esults: 20 65 ny ucose a
gl utoserl tog%‘{%ﬁ’ﬁ?iﬁ%)pe s- GDHL0094.90% nut ant s- GDHL009%4.30%

Results;

10
The amino acid changes at positions 340, 369 and 413 didn’t change the substrate
specificity. Only the wobble at position 348 did yield clones with 2 substrate specificity
from 25-100 % (mdtosefglucose).

Numerous rounds of mutagenic PCR and saturation mutagenesis were performed. 1t was

15 found and confirmed that positions 348 and 428 are of major importance and that
exchange of other amino acids may further improve the specificity for glucose of mutated
s-GDH. Representative data and positions are given in table 1.

: able 1: E es for s-GDH-vari ith i ved specificity for glucose
20 Abbreviations: n.t. = not tested
SA = specific activity (U/mg protein} with glucose as substrate
Cpanged amino acid to|Glucose Maltose conversion  ° | Galactose SA
wildtype sequence conversion conversion
wild-type 100% 105% 50% 1000
340Et0 G 100% 50% 25% 700
348 Tto S
369 NtoH
413 5to N
221to L 100% 123% 14% 178
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348Tto G

76Q1t0 G 100% 20% n.t. n.t

348Tto G

76QtoE 100% 17% n.t. n.t
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120Tto 8
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corresponding wild-type enzyne and wth regard to 2t )east one other

sel ected sugar substrate, it has an at |east two-fold increased substrate
specificity for glucose. 2. The nutant according to clai f&ll\%%[ﬁher
characterized in that said selected sugar is selected fromthe group
consisting of maltose and gal actose. 3. The nutant according to claim1 or
2 further chaampeny zed in that said selected sugar is mariEpe@z144. The

nmut ant of PQQ dependent s-GDH according to Claim| further characterized
in that said substrate specificity for ghgcose is inproved at |east 3-fold.
5. The mutant of PQQ dependent s-CGDH according to Claimlt further
characterized in that said substrate specificity for glucose is inproved
at |east 5-f Biample® A nutant of the soluble formof EC 1.1.99.17 also
known as PQQ dependent sol uble glucose dehydrogenase (s-G)i) said nutant
characteri zedp,| t (ﬁ#ﬁl te specific reactivity towards gl ucose
is essenti al ?@&éﬁ%@%o{%ﬁ%&t@ 0 ?%f{g% w |l d-type enzyne, and b) the substrate
specific reactivity Eeﬁ\f/]\@rds mal tose is 30% or |ess as conpared to the

wi | d-type enziiférovg BB “Gbvese Birmested end kesisprrgled ur potresiumiphosphster | zed
in that sai;dtlmﬂa. spH aileCabaiainpiich wd’s@-éﬁésrhié;ﬂrlﬁ}’Fﬁeﬁ%}ﬁngﬁ p]gga;_gte ﬁ;@-ggg bg,q_od/gfg;t Iea%H
Lo Yo A B AR Y A R R ELEED
Wil d-type s- colymsequilibrasedogitl; Jmmvapotassiem phesphath buffec pPHEI M Aftbraedsting, sipaci es
group consi st¢DH vak elbtedalsmaGaAT gredisn an e MINCRYHIRELL 1 potein
of P@depenﬁ;&g osoe%alcsoegpri.s%l%?san agi ngaag]il-gtﬁresi u%owéﬁggllﬁ%% at
O ks on o oo o

wi | d-type ‘Se -pepharpse 0 cti cfi ubj t

nut ant * pr ot eidgeDfiRRXY deRenggRtdete FHEANP ISR 0. LSAS! piNe) I N0, aci d
resi due substdtutions atﬁg%‘lécgs(%?{%%i d $osi tions correspondal ng 10 positrons of

the s- GDH wild-type 64 th2f 'Om A. cakoaceticus (SEQ ID NO 24),
said sub- stituted am no acid positions being selected fromthe group

consi sting of ¢ tabs@Sand1 Brofedn BterdbBion of mdtade T3 a8 Sitfidhe 16by 377

227, 230, 233, 245, 255, 277, 295, ), : ,

“FA 8-, - 349, 35AstepsEiation Was peridimed uiing theFratdtnbssacRerseme siod 825 TR i s
repl aced. 12 @iesprcaibgsion 86ve with BIH 80 Man.aneClof cl ai m 10 furt her
characterized in that at amno acid positions corre- sponding to positions
of the s-CDHw. IG5 e .seguence kno fromA. calcoaceticus (SEQ ID NO
24) the am n(%(ﬁb(ﬁix‘(’%l%%ss‘lg F mﬁ‘iéo gnr?ﬁg Brotendmd with (0556 mM pyrcliptasipohee  ani no
aci d resi due9uirgne(RQR); 50 2gM Heps; 15068 CaCl2pH 1.0 And ARihated2b25°C 7,30 298ute3 17,
355 and for reconstitution or activation,

After activation 50 pl of sample were added to 1000 #l of a 0.2 M citrate buffer solution (pH

| 20 5.8; at 25°C) containing 0.315 mg (4—(dimethylphosphmylmethyl)-2—methyl~pyrazolo-
{1.5a] -imidazol-3-yl)-(4-nitrosophenyl)-amine (see patent US 5,484,708)/ml as a mediator
and 33 mM sugar).

Extinction at 620 nm is monitored during the first 5 minutes at 25 °C.

One Unit enzyme activity corresponds the conversion of 1 mMol mediator/min under the
25 above assay conditions

Calculation: Activity = (total volume * dB/min [U/ml]) : (e * sample volume * 1)

(€ = coefficient of extinction; in this example 520 nm = 30[1* mmol ™ * cm ]).



438 are substituted 12. The nutant protein of claim 10 conprising
substitutions of the amno acid residues at positions 348 and 428. 13. A
mut ant protein of PQQ dependent s-CGDH conprising at | east r m no acid
resi due substitutions at am no acid positions correspondi %é%@?ﬂlﬁ. ons of
the s-GOH w ld-type sequence known from A cal coacercus (SEQ ID NGO 24),
sai d substi twbensssan no aci d positions being sel ected frequtdeigasoup
consisting of positions 171, 227, 230, 245, 341, 348, 349, and 428 wherein
both the am no acid residues T348 and ;;N4. 28. are substituted. 14. The
nut ant according to claim12 or 13 further characterized in that asparagine
at positi 428 is s bst ted wth_an am no acid residue selected from
t he group gg‘?f’"—“?i‘”?ﬂ’ ‘}le’ﬁléﬁlﬁ’ép“’ﬁ‘?agﬂeﬁéd grtsaiMads Cemanhe nut ant
according-to any of clains 9 to 14 further characterized in that threo-
nine at pogition 348 is substituted with an am no acid residue sel ected
fromthe B—F—#}}B consi sting of alanine, glycine and serine. 16. A nutant
protei n of PQOQ dependent s-GDH conprising the ammp acid sequence of
WPXaaVAPS {688l | D NO | Spgsifivdedyity WngBrote: medtoe puchs: [ 8N angahetosdghttose@si due
ot her than threonine.|{(gPcosThrgubstateht pr ofcepversiin dai m 3&niersiohmer
char act er i|%& Eetypethat 1960 d Xaa resrdue THoghY tIne. 18w A nutant progein
of PQQ de)RARERT3 gonprl STTIg the—anfzpg; acT d—sequehgg of TAGXaa‘v’QI ( SEQ
| D NO 2)  —mhetret—seta—xaa—+esedue—i-s—an—af-Rro—aci-d—tes+due—oet-her—t-han
asparagi ne: 19. The rrut ant prot ei n of cI aim 18 further characterized in
that saisd Egadn: Btk mlirsa il : : RE trRdlese0f PQQ dependent
GEH conpri si ng the ani no aci d sequence of ADGXaaNGL (SEQ ID NO 3),
whef ein sa t han t am ne.
21. The rrutlgen‘tm‘g%ﬁg?}é?m %‘%Furt er Igggct ﬁi‘éflcew qluc% etenglé’fl{(;mga% resi due
i s sel ect effference fafmlss fopiined dits mst Slh‘@s%ﬂl ddpaiest’ eaxanlp cronggingd 5 mgaci d,
met hi oni negluprsel a1, 136 @iig/dl infitosed T ¥aih@ aBouth YEEDH. ac@dty (GVink 50 leadysid

pol ynucioeotgs%iwg%q‘ggggggﬂ%%@, GDH mut ant protein according to any of

cl ai s 36 23. An expression vector conprising an
i sol ated pol ynucl eotide as defined in claim22 operably linked to a
pronot er sbouemeae wapdidde of pronoting the expression of said

Iml 0315 mg (4-(dimethylphosphinylmethyl)-2-methyl-pyrazolo-{1.5a]-imidazol-3-
¥1)-(4-nitrosophenyl)-amine ml/0.2 M citrate pH 5.8

0.015 ml sample (glucose or glucose + maltose)

15 The assay was started adding 0.050 ml 90 U/ml s-GDH . The change of absorption at 620
) nm was monitored. After 5 minutes constant values weré observed and the dE/5 min
calculated. The value obtained measuring the reference sample with wild-type s-GDH was

set to 100%. The other values were compared to this reference value and calculated in %.

Results:
20
65 mg/dl}65 mg/dl glucose and 130 mg/dl
glucose maltose
wild-type s-GDH  [100% 190%
mutant s-GDH | 100% 130%
T348G

It can be clearly seen that the ,glucose-value” measured is markedly less impaired when the
mutated s-GDH is used in this determination.



polynucl eotide in a host cell. 24. A host cell conprising the expression
vector of claim23. 25. A process for producing s-GDH variants conpri si ng
culturing the host cell of claim 24 under conditions suizag@@&@ﬁr
production of the enzyme variants. 26. An expression vect 6P i sing an
| sol at ed pol ynucl eotide as defined in claim?22 operably linked to a
pronot er sequmanzesmapabl e of pronoting its expression inerarEealbibree
pepti de synthesis system 27. A process for producing s-GDH variants with
the construct of claim26 in a cell-frees,peptide synthesis system under
conditions suitable for production of the said en- zyne variants.. 28. A
met hod of detecting, determ ning or nmeasuring glucose in a sanple using a
s- GDH nut ant Liskefdefrengest 0 any of the preceeding clains, said inprovenment
com prising contacting the sanple with the mutant. 29. The nethod of claim

28 further ch%aﬁgﬂ;l 184, Q%S&}S‘&m-c%i se%ega%g 15 Bloch degfgéBé@aﬁtﬁ’Z?ﬁp devi ce.

nmeasur enent of 8‘ ucose 1S or ne a sensor
30. A device PBPOPhCdcPRshi My é?”ﬂéﬂisews@%‘h"@ ard (fhngtione of FQQsentpiniag
conprising a s- GDH rquhmptotemsc@lrdlmg?zxm).ar@t?zyf clainms |- 29 and ot her

reagents re_:qum,ggn @1, B@&h 12 6 APR 2005 WO 02/ 34919
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' ' 400> 1 30
<210> 1. 25 <211> 7 <212> PRT <213> Aci netobacter cal coaceticus <
Trp Pro Xaa Val Ala Pro Ser 1 5 <210> 2 35 <211> 7 <212> PRT <213>

[ cal coaceticue <400> 2 40 Thr Ala Ay Xaa Vi ys 15
égllgit gbaZtSeLZlb 7 <212> PRT <213> Aci netobacter cal coa@ﬁéﬂz@%dow 3 50
Ala Asp Ay Xaa Ann Ay Leu 1 5 <210> 4 55 <211> 26 2 e APR 2005 WO
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4 cgcgcacgcg catgccgccg atgttc 26 <210> -%3-
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<211> 23 <212> DNA 15 <213> Artificial Sequence <220> <223>, Description
of Artificial Sequence:antisense prinmer GR23 <400> 5 gacggccagt gaattctttt
cta 25 <210> 6 <211> 20 <212> DNA <213> Artificial Sequencdt A8 Afvo>
<223> Description of Artificial Sequence: sense prinmer GMF2 23 <400> 6 35
ttaacgtgct gaacagccgg 20 <210> 7 <2113420 40 <212> DNA <213> Artificial '
Sequence <220> <223> Description of Artificial Sequence:sense prinmer 45
GDH F3 <400> 7 gatgctgatg ggcagaat Bagemd (B8ms210> 9 <211> 20 <212> DNA

<213> Ar t.i {id muiéﬁq}'f%pg?o]ggle%or% QE&%QO@%% mBQA{«?nlgs ﬁSQ-depend ent soluble

glucose dehydrogenase {s-GDH) said mutent characterized in that relztive to the
corresponding wild-type enzyme znd with regard 1c 21 Jeast one other selected suger
substrate, it has 2n at least two-fold increzsed substrate specificity for glucose.

2. The mutant according to claim ) further chzracterized in that said selected sugar is
selected from the group consisting of maltose and gelactose.

3. The mutant according to claim 1 or 2 further characterized in thet said selected
sugar is maltose. '

4. The mutant of PQQ-dependent s-GDH sccording to Claim 3 farther characiérized
in that sz2id substrate specificity for glucose is improved at Jeast 3-fold.

5. The mutant of PQQ-dependent s-GDH according to Claim 1 further characterized
in that said substrate specificity for glucdse is improved at least 5-fold.

6. A mutant of the soluble form of EC 1.1.99.17 also known as PQQ-dependent sojuble
glucose dehydrogenase (s-GDH) said mutznt characterized in thet '

2) the substrate specific reactiviry towards glucose is essentially equal 10 that of the-

wild-type enzyme, and

b) the substrate specific reactivity towards malitose is 30% or Jess as compared to the

wild-type enzyme.

7. The mutant according to cJaim 6 further cheracierized in that seid substrate specific
Teactivity 1owards maltose is 20% or less 2s compared to the wild-Type enzyme:

8. The muiznt of a PQQ-dependent s-GDH according 1o any of claims 1- 7 further
characterized in that the wild-type s-GDH is isolzted from z strzin of the Acineio-
bacter species group consisting of A. celcoaceticus 2nd A. bawmannis.

3. A mutanrt protein of PQQ-dependent s-GDH comprising 2n amino zcid residue
substitution a1 the amino 2cid position corresponding to position 348 of the s-GDH
wild-type sequence known from A. calcoacericus (SEQ ID NO: 24).

- 10. A mutent protein of PQQ-dependent s-GDH comprising st Jeast two amino 264 *
residue substitutions at 2mino acid positions corresponding 1o positions of the s-
GDH wild-type sequence known from A. c_alhoacejrirus (SEQ 1D NO: 24), said sub- _

 stituted amino 2cid positions being selected from 1he group consisting of positions
16,22,76, 116, 120,127, 143, 168, 169, 171, 177, 227, 230, 231, 245, 255, 277, 285,
299, 308, 317, 341, £48:-349, 355, 422, 428 and 438, wherein the amino acid residue
T348isreplaced.



<220> <223> Description of Artificial Sequence:sense primer GDH P4 5
<400> 8 atatgggtaa agtactacgc <210> 9 10 <211> 20 <212> ﬁlﬁ]ﬁ
Artificial Sequence <220> 15 <223> Description of Artificildh 3
Sequence: sense priner GDH FS 20 <400> 9 acgatccaac ttgtggagag <210> 10
<211> 20 <212> DNA 25 <213> Artifici‘al® Sequence <220> <223> Descri ption
of Artificial Sequence:antisense prinmer GOH RL 30 <400> 10 cgattaagtt

L3305 <3231 Pt A eB TP P AR e B A O R DRIUERE )10
<400> 11 45 gioadygaayesigaceaftacCREMIN-hPe seiitbre ROGOSH frofl A >cdbiacet cus
(SEQ ID NO: 24) the 2mino acid in position 348 and st least one of the following
amino acid residues 16,.1 16, 320, 127, 168, 171, 177,227, 255,277, 299, 317, 355 and
438 are substituted. - ' :

12. The mutent protein of claim 10 comprising substitutions of the amino acid residues
at positions 348 and 428. |

13. A mutant protein of PQQ-dependent s-GDH comprising at least threeamino acid
residue substitutions at amino acid positions corresponding positions of the s-GDH
wild-type sequence known from A. calcoaceticus (SEQ ID NO: 24), said substituted
amino acid positions being selected from the group consisting of positions 171,227,
230, 245, 341, 348, 349, and 428 wherein both the amino acid residues T348 and
N428 are substituted. ' -

14. The mutant according to claim 12 or 13 further characterized in that esparagine a1
positio'n 428 is substituted with 2n amino acid residue selected from the group con-
sisting of leucine, proline and valine. -

15. The mutant according1o any of clzims 9 to 14 further characterized in that threo-
nine at position 3l48 is substituted with an amino acid residue selected from the
group consisting of alanine, glycine and serine.

16. A mutant protein of PQQ-dependent s-GDH comprising the amino acid sequence
of WPX2aVAPS (SEQ ID NO: 1), wherein said Xaz residve is an 2zmino acid residue
other than threonine. ' ' |

17. The mutant protein of dzim 16 further characterized in that said Xaz residue js gly-
cine. . B _ o |

18. A mutant protein of PdQ-de;ﬁcndeﬁf s-GDH comprising the amino zcid sequence '
of TAGXa2aVQK (SEQ ID NIO: 2), wherein s2id Xea residue is 2an amino acid residue
other than asparagine. |

19. The rutant protein of claim 18 further characterized in that said Xaz residue is pro-
line. | k ' '

20. A mutant prbtein of PQQ-dependent s-GDH comprising the amino acid sequence
of ADGX2aNGL (SEQ 1D NO: 3), wherein sz2id Xaa residue is an amino acid residue

~ other than glutamine. | .
~21. The mutant of cdlaim 20 further characterized in thet said Xaa residue is selected
from the group consisting of aspartic add, glutamic acid, methionine, proline, ser-
ine, alanine or glycine. ' ‘ o
22. An isolated polynudeotide encoding the s-GDH miutant protein according to zny of

claims 210 21].




<213> Artificial Sequence <220> <223> Description of Artificial

Sequence: anti sende 55 prinmer GDH R3 PCT/ EPO1/ 12148 20 20 20 20 2 6 APR
2005 WO 02/34919 -4 5 10 <400> 12 gggccttgtt cagactgcaa <2HGAPR3I((%211> 20
<212> DNA <213> Artificial Sequence <220> <223> Description of Artificial
-Sequence: antisense primer GbH R4 15 <40%> 13 caagacgacc tgactgatgg <210>
14 20 <211> 20 <212> DNA <213> Artificial Sequence <220> 25 <223>

cat aachaca cat Sepsel o LB\ SRS pp HA e FORRcIRGANRE dERRI cflrlD> 14
operably linked 10 a promoter sequence capable of promoting the expression of said
polynucleotide in 2 host cell.

24. A host cell comprising the expression vector of daim 23.

25. A process for producing s-GDH variants comprising culturing the host cell of dlaim
24 under conditions suitable for production of the enzyme variznts. _

26. An expression vector comprising an isolated polynucleotide as defined in claim 22
operably linked to a promoter sequence capzble of promoting its expression in z
cell-free peptide synthesis system. '

27. A process for producing s-GDH variants with the construct of claim 26 in 2 cell-free

| peptide syntlﬂcsis systern under conditions suitable for production of the said en-
ZyImne variants..

28. A method of detecting, determining or measuring glucese in z sample using 3 s-
GDH mutant according to any of the preceeding claims, said improvement com-
prising contacting the sample with the mutant. '

29. The method of claim 28 further characterized in that szid detection, determinztion

" or measurement of glucose is performed using a sensor or test surip device.

30. A device for the detection or measurement of ghocose in a sample comprising a s-

GDH mutant according to any of claims 1- 25 and other reagents required forseid

measurement



<212> DNA 35 <213> Artificial Sequence } <220> <223> Descri ption of
Artificial Sequence:sense primer EGF 40 <400> 15 tccaacttgt ggannnatga
cctacattt 45 <220> 16 <211> 29 <212> DNA <213> Artifici 35 ﬂlﬁ ce 50
<220> <223> Description of Artificial Sequence: antis ens r EGR
<400> 16 55 aaatgtaggt catnnntcca caagttgga PCT/EPOL/ 12148 20 20 20 29 29 2
6 APR 2005 W&v@&IB%919 -5 <210> 17 <211> 29 5 <212> DNAfC&Jﬁ:al,Aﬁ;slflm al
Sequence <220> <223> Description of Artificial Sequence:sense prinmer 10
TSF 15 20 PCT/EPO /12148 <400> 17 1. :

SEQUENCE LISTING

<110> F. Hoffmann-La Roche AG
Roche Diagnostics GmbH

5
<120> New forms of soluble Pyrrologquincline (uinone-dependent
Glucose Dehydrogenase
<130> 19139 WO
10 ‘
<140>
<141>

<150> EP 00123512.6
15 <151> 2000-10-27

<150> EP 00127294.7
<151> 2000-12-19

20 <«160> 25
" <170> PatentIn Ver. 2.1

<2105 1
25 «<211> 7
<212» PRT
<213> Acinetobacter calcoaceticus

<400> 1
30 Trp Pro Xaa Val Ala Pro Ser
1 B

<210> 2
35 <211 7
<212> PRT .
) <213> Acinetobacter calcoaceticus

<400> 2
40 Thr Ala Gly Xaa Val Gln Lys
1 5

«Z210> 3
45 <2115 7
<21l2» PRT
«<213> Acinetobacter calcoaceticus

<400> 3
50 Ala Asp Gly Xaa Asn Gly Leu
i 5
«210> 4

55 <211 26



catttgct,gg ccannngttg caccgtcat 29 <210> 18 <211> 29 <212> DNA <213>
Artificial Sequence <220> <223> Description of Artificial Sequence: anti
sense priner TSR 25 <400> 1S at gacggtgc aacnnntggc cagcaaatg 29 <210> 19
30 <211> 29 <212> DNA <213> Artificial Sequence <220> 35 <J28% Hlscription
of Artificial Sequence:sense priner NSF 40 <400> 19 tactggttgg gaannnacat
tattggttc 29 w@d@eei80 <211> 29 <212> DNA 45 <213> Arti fecglndhiiopguence
<220> <223> Description of Artificial Sequence:antisense primer NHR 50
<400> 20 gaaccaataa tgtnnnttcc caaccagt a_g_9'55 <210> 21 2 6 APR 2005 WO
02/ 34919 -6 <211> 29 <212> DNA

<212> DNA
<213> Artificial Sequence

<220>
5 <2235 Description of Artificial Sequence:sense primer
@F23

<400> 4
10 cgcgcacgeyg catgocgeeg atgtte 26

<210> 5§
<211> 23
<212> DNA
15  <213> Artificial Sequence

<220>
<223> Description of Artificial Seguence:antigense
primer GR23
20
<400> 8§
gacggccagt gaattetttt cta 23

25 <210> &
<211> 20
<212> DNA
<213» Artificial Sequence

30 <z20-
<223> Description of Artificial Sequence:sense primer
GDH F2

<400> 6
35 . ttaacgtgct gaacageegg 20

<210> 7
<213»> 20
40  <212> DNA
<213> Rxtificial Seguence

<220>

<223> Description of Artificial Sequence:sense primer
45 GDH F3

<400> 7
gatgctgatg ggcagaatag 20

50
<210> B
«211> 20
<212> DNA

<213> Artificial Sequence
35



<213> Artificial Sequence 5 <220> <223> Description of Artificial

Sequence: sense prinmer SNF PCTI EPOL/ 12148 <400> 21 10 tgatgtgatt gcannnccag
atgggaatg 29 <210> 22 <211> 29 15 <212> DNA <213> Artificial Sequence
<220> <223> Description of Artificial Sequence:antisense j72@ppnijfer SNR
<400> 22 . cattcccatc tggnnntgca atcacatca 25 30 <210> 23 <211> 1362

<212> DNA <2Mro2fsesmet obact er cal coaceticus <220> <221> £hmporRea
(1)..(1362) 29 35 <400> 23 gat gtt cot cta act cca tct caa ttt get aaa gcg
aaa tca gag aac 48 Asp Val Pro Leu Thr Pgo Ser G n Phe Ala Lys Ala Lys Ser
AQu Asn 1 5 10 15 40 ttt gac aag aaa gtt att cta tct sat cta eat aag cog
cac gcg ttg 96_ Phe Asp Lys Lys Val Ile Lau Ser Asn Leu Asn Lys Pro H's Ala

lieu 20 25 30 ¢ gg C sat caa att -t tta act gag cga gca aca
ggt 144 45 Leu Tr pm%,?y °§ ‘/f%‘"‘“ Se“‘iel“‘é“ﬁ“ﬁg%’éﬂ“efhr Gu Arg Ala Thr dy

35 40 45 aag att cta age gtt sat cca gag tog ggt agt gta aaa aca gtt ttt

192 3 <400> 8
atatgggtaa agtactacge . 20
<2310> 9
10 <211> 20
<212> DNA

<213> Artificial Sequence

<220
15 <223> Description of Artificial Sequence: sense primer
GDH FS

<400 9

20 acgatccaac tigtggagag 20

<210> 10
<211> 20
«<212> DNA
25 <213> Artificial Sequence

«<220>
<233> Description of Artificial Sequence:antisense
primer GDH R1
30
<400> 10
cgattaagtt gggtaacgcee 20

35 <zi0> 11
<211> 20
) <212> DNA
<213> Artificial Sequence

40  <220» .
<223> Description of Artificilal Sequence:antisense
primer GDH R2

<400> 11
45 atacggaaaa tgacaccacg 20

<210> 12
<211> 20
50  <212> Dna
<213> Artificial Sequence

<220>
<223> Descript;on of Rrtificial Sequence:antisende
55 primer GDH R3



e,

gta
Pro
APR
sat
Asa
gat
Lys
tca
Thr
tca
Lys
att
Tyr
ttg
Phe
sat
Lys
gga
Ser
t at

Thr

Leu Arg Val Asn Pro Qu Ser sly Ser Val Lys Thr Val Phe 50 so 55 60
cca gag att gtc sat gat get gat ggg cag aat ggt tta tta 240 dn
GQu lle Val Asn Asp Ala Asp Ay G n Ann Ay Leu Leu 65 70 75 80 55
2005 WD 02! 34919 -7 PCT/ EPOL/ 12148 ggt ttt gcc ttcfcARR @3 ogat ttt
aat cct tat atc tat att 288 Gy Phe Ala Phe H's Pro Asp Phe Lys
Pro WootdsmeTyr Ile 85 90 95 5 tca ggt aca ttt aewesailizagg aaa tct
aaa gas tta ccg aac 336 Ser Gy Thr Phe Lys Asa Pro Lys Sex Thr

G n Lou Pro Asa 100 105 110 caa agg att att cgt cgt tat acc tat aat
aca gat acg ctc 384 10 An Thr ITe Ile Arg Arg Tyr Thr Tyr Asa Lys
Asp Thr Leu 115 120 125 gag aag cca gtc gat tta tta gca gga tta cot
aaa gag,Gat 432 GQu Lys Pro Val Asp Lou Leu Ala Gy Lau Pro Ser
Asp Hi §gi§cti§tocg§g§tgjc§9 cag tca ggt cgt ctt gtc att ggg,cca gat caa
tat tat acg 460 dn Ser Gy Arg Lau Val Ile Ay Pro ASp G n Lys
Tyr 5Thr 145 150 155 160 20 att ggt gac caa ggg cgt aac cag ctt got
ttc tteeleeassat 528 Ile Gy Asp An Ay Arg Asa @ n Leu Ala Tyr
Lou Pr(J:lAS&"lGS 170 175 25 caa gca caa cat acg cca act on caa gaa
ggt anjﬁ%}’(‘:n{?ﬁ c5178 Gn Ala Gn Hs Thr Pro Thr Gn Gn Gu Lou Asa
AspigTyr 180 185190 T88%cc tat atg ggt aaa gta cta cgc tta sat ctt
agt attz2024 30 His Thr Tyr Met Ay Lys Val Lou Arg Lou Asa Leu Asp
|l e 19522290eRQ5ptaem onagtiidiab dbqetidd  @@lechtd aac ggg gtg gtt agc cat
aca 672 Proimey$DARY Asa Pro Ser Phe Asa Gy Val Val Ser His lle

15 <400> 13
caagacgacc tgactgatgg 20

«<210> 14
20 <211 20
<212> DNA
<213> Artificial Sequence

<220>

25  <223> Description of Artificial Sequence:antisense
primer GDH RS

<400> 14

cataacaacg cgtgoggett 20
30 )

<210> 15
<21l> 29
<212> DNA
35 <213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:sense Primeyx
EGF '
40
«<400> 15
tccaacttgt ggannnatga cctacattt 29

45 <2105 16
«211> 25
<212> DNA
<213> Artificial Seguence

50 «<220>

<223> Descriptien of Artificial Sequence:antisense
primer EGR

<400> 16 .
55 aaatgtaggt catnnntcca caagttgga 28



35 210 215 220 40 ctt gga cat cgt sat ccg cag agc tta gca ttc act cca sat

ggt
Lys
aac
Lau
t at
Lys
aag
275
912
295
305
act
Pro
Val
tac
Ile

ggt aaa

aaa
225
ctc
245
aaa
260
864
280

Ser

300
tta
ggt
Pro
Adn
att

oys

720 Len Gy Hs Arg Asa Pro An Gy Leu Ala The Thr Pro Asa Ay
230 235 240 tta ttg cag tct gaa caa ggc cca aac tct gac gat gaa att
768 Leu Lau Gn Ser Au dn Ay Pro Asa Ser Asp pAP@ 5IIe Asa
250 255 45 att gtc aaa ggt ggc aat tat ggt tgg ccg aat @@a gca ggt
B16 wbexisly Lys Gy Gy Asa Tyr Gy Trp Pro Asa yal Ala Gy Tyr
265 270 gat gat agt ggc tat get tat gca aat tat tca gca gca gcc sat
50 Asp Asp Ser Ay Tyr Ala Tyr Ala Asa Tyr Ser Ala Ala Ala Asa Lys
285 tca att aag gat tta get caa sat” gga gta aaa gta gcc gca ggg gtc
Ile Lys Asp Leu Ala Gn Asa Gy Val Lys Val Ala Ala dy Val 55 290
2 6 APR 2005 WD 02/ 34919 5 cct gtg acg aaa gaa Pro Val Thr Lys Gu
aaa acttgatat Lev Lys Thr Leu Tyr 325 PCT/EPOL/ 12148 tct gaa tgg
aaa aakziistzgtc cca cca 960 Ser Gu Trp Thr Gy Lys Asn Phe Val
310 3152820macc gtt caa gat acc tac aac tat aac gat cca 1008 Thr
Asp Thr<2P3pr apgficTalr sémmncAsp Pro 330 335 10 act tgt gga gag atg acc
tgc tgg cca aca gtt gca cog tca 1056 Thr eye Ay A u Met Thr Tyr
Trp Pro2 MALRY S ! Pro Ser 340 345 350 tct gcc tat gtc tat aag ggc
aaaugca at't. SC:E P g°f1 9 gbftg isl) ppruence:sense primer

<400> 17

catttgetgg ccannngttg caccgteat ) 25

15

<210> 1B

<211> 29

<212> DNA

<213> Artificial Sequence

20
<220>
<223> Description of Artificial Sequence:antigense
primexr TSR

25  <400> 1B

atgacggtge aacnnntgge cagcaaatg 29

<210> 19

30 <211 29

<212> DNA
<213> Artificial Sequence

<220>

35 <223> Description of Artificial Sequence:sense primer

40

NEF

<400> 18
tactggttgg gaannnacat tattggtte 25

<210> 20
<211> 25
<212> DNA

45  <213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:antigense
primer NHR
50
<400> 20
gaaccaataa tgtnonttec caaccagta 29
55 <2105 21



15.Ser Ala Tyr Val Tyr Lye Ay Ay Lys Lye Ala lle Thr Ay Trp G u 355 360
365 aat aca tta ttg gtt cca tot tta aaa cgt ggt gtc att ttc cgt att 1152
Asn Thr Leu Leu Val Pro Ser Leu Lye Arg Ay Val Ile Phe :{[9 [][;d il %0 370 375
380 25 aag tta gat cca act tat agc act act tat gat gac g 6 a Q g atg 1200
Lye Leu Asp Pro Thr Tyr Ser Thr. Thr Tyr Asp Asp Ala Val Pro nmet 385 390
395 400 ttt Mayn2sé¢®aac aac cgt tat cgt gat gtg att gca RGrER@A2g&t ggg
1248 Phe Lye Ser Asn Asn Arg Tyr Arg Asp Val Ile Ala Ser Pro Asp @y 405
410 415 30 sat gtc tta tat gta tta act gag- act gcc gga aat gtc caa aaa gat
1296 Aso Val Leu Tyr Val Leu Thr Asp Thr Ala Gly Asn Val G n Lye Asp 420
425 430 gat ggg,ticg,0ta aca aat aca tta gaa aac cca gga tct ctc att aag
1344 35 Asp QM2Sefs Val Thr Asn Thr Leu G u Asn Pro Sly Ser Leu Ile Lye
435 440 445 tteiacerdidician@egehceaag Phe Thr Tyr Lys Ala Lys 40 450 <210>
24 <211> 454 45 <212> PRT <213> Aci netobacter cal coaceticus <400> 24 Asp
Val Pro Leu’Tht22Pro Ser G n Phe Ala Lye Ala Lye Ser Gu Asn 50 1 5 10 15
Phe Asp Lye LyB?VaPeaFetienucbartifiiz=l erusmen:s9e PripeHi s Ala Leu 20 25 30
1362 55 Leu Trp Slymbro Asp Aen An Ile Trp Leu Thr Au Arg Ala Thr Ay 2 6
APR 2005 WD 02/,349319 35 40 5 20

10 tgatgtgatt geannnccag atgggaatg 28

«210> 22
<21l1> 28
15 «<212> DMA
y <213»> Artificial Seguence

<220>
<223> Description of Artificial Seguence:antisense
20 Primer SNR

<400> 22 .
cattcceatc tggnnntgea atcacatca 29

25

<210> 23

<21l> 1362

<212 DNA

<213> Acinetobacter calcoaceticus
30

<220>

<221>» CDSg

<222> {1).. (1362}

35 <400> 23
gat gtt cect cta act ceca tet caa ttt gok aaa geg aaa teca gag aac 48
) Asp Val Pro Leu Thr Pro Ser Gln Phe Ala Lys Ala Lys Ser Glu Asn
1 5 10 15

40 ttt gac aag aaa gtt att cta tct aat cta aat aag ccg cac geg ttg 96
Phe Asp Lys Lys Val Ile Leu Ser Asn Leu Asn Lys Pro His Ala Leu
20 25 30

tta tgg gga cca gat aat caa ztt tgg tta act gag cga gca aca ggt 144
45 ©Leu Trp Gly Pro Asp Asn Gln Ile Trp Leu Thr Glu Arg Ala Thr Gly
35 40 45

aag att cta aga gtt aat cca gag teg ggt agt gta aaa aca gtt ttt 192
Lys Ile Leu Arg Val Asn Pro Glu Ser Gly Ser Val Lys Thr Val Fhe
50 50 55 60

cag gta cca gag att gtc aat gat get gat ggg cag aat ggt tta tta 240
Gln Val Pro Glu Ile Val Asn Asp Ala Asp Gly Gln Asn Gly Leu Leu
65 70 75 80
55



45 ,PCT/ EPOL/ 12148 Lys Ile Leu Arg Val Asn Pro Gu Ser Ay Ser Val Lys Thr

Val Phe 50
Leu Leu 65
e Tyr Ile
A u Leu Pro
Ser Thr Asp
Pro Ser Ser
Asp A n Lys
Gn Leu Al a
Thr A n dn
Lys Val Leu
Pro Ser Phe As
Arg Asn Pro
Leu A n Ser
Ile Val Lys

55 60 A n Val Pro Qu Ile Val Asn Asp Ala Asp Gy An Asn Ay
70 75 80 Ay Phe Ala Phe H's Pro Asp The Lys gZ§A@ﬁﬂm§;o Tyr
10 85 90 95 Ser Ay Thr The Lys Asn Pro Lys p Lys
Asn 100 105 110 15 dn Thr Ile Ile Arg Arg Tyr Thr Tyr Aso Lys
Woozbeus 115 120 125 A u Lys Pro Val Asp Leu pcemp#liad@ y Leu
Lys Asp His 130 135 140 A n Ser Ay Arg Leu Val Ile Ay Pro
I[le Tyr Tyr Thr 145 150 155 160 Ile Ay Asp G n Ay Arg Asn
Tyr Leu Phe Leu Pro Asn 25 165 170 175 A n Ala G n H's Thr Pro
SR [ $E0ud 5100 BRIl O
Ar y p n
% aaf Efggg%)" Ptfeli Vop FRrE 210 ig”% 35 Leu Ay His
G n Gly Leu Al a Phe Thr Pro Asn Gy Lys 30 235 240 40 Leu
8 nclopt Gy tPr @asl\sst S€Y aASE-tASA datlkak|fa ASH ck@Uac 2486250 255
G yedSyy Abn Phisy LysChsn Freplyer 8erABe AdalLyAlcu Gey Fiymsiys 260 265

270 45 Asp Asp Ser Ay ¥t Ala Tyr Al al%sn Tyr Ser APY3°Ala Ala Asn Lys 275

280 285 Ser
290 295 300

| %ai‘gég 280 kEY tAlcgat tg-gtt‘-na ASQ tGa;i.ax a\zlxg'ltcayasca \slig'tl'. aéé ct:éA\I a G y Val

10 g1n Thr Ile Ile Arg Arg Tyr Thr Tyr Asn Lys Ser Thr Asp Thr Leu
115 120 125

gag aag cca gtc gat tta tta goa gga tta cct tca tca aaa gac cat 432
Glu Lys Pro Val Asp Leu Leu Ala Gly Leu Pro Ser Ser Lys Asp His
15 13¢ 135 140

cag tca ggt cgt ctt gtc att ggg coa gat caa aag att tat tat acg 4B0
Gln Ser Gly Arg Leu Val Ile Gly Pro Asp Gln Lys Ile Tyr Tyr Thr
145 150 155 160
20
att ggt gac caa ggg cgt aac cag ctt gct tat ttg tte ttg cca aat E2B
Ile Gly Asp Gln Gly Arg Asn Gln Leu Ala Tyr Leu Phe Leu Pro Asn
165 170 175

25 caa gca caa cat acg cca act caa caa gaa ctg aat ggt aam gac tat 576
Gln Ala Gln His Thr Fro Thr Gln Gln Glu Leu Asn Gly Lys Asp Tyr
180 185 190

cac acc tat atg ggt aaa gta cta cgc tta aat ctt gat gga agt att 624
30 His Thr Tyr Met Gly Lys Val Leu Arg Leu Asn Leu Asp @ly Ser Ile -
185 200 208

cca aag gat aat cca agt ttt aac ggg gtg gtt age cat att tat aca 872
Fro Lys Asp Asn Pro Ser Phe Asn Gly Val Val Ser His Ile Tyx Thr
35 210 215 220

ctt gga cat cgt aat ccg cag gge tta goa ttc act cca aat ggt aaa 720
. Leu Gly His Arg Asn Pro Gln Gly Leu Ala Phe Thr Pro Asn Gly Lys
225 230 235 2490
40
tta ttg cag tct gaa caa gge cca aac teot gac gat gaa att zac ctc 768
Leu Leu Gln Ser Glu Gln Gly Pro Aesn Ser Asp Asp Glu Ile Asn Leu
245 250 255

45 att gtc aaa ggt g9gc aat tat ggt tgg ccg aat gta gca ggt tat aaa gle
Ile val Lys Gly Gly Aen Tyr Gly Trp Pro Asn Val Ala Gly Tyr Lys
260 265 270

gat gat agt ggc tat gct tat goca aat tat teca gea goa goc aat aag B4
50 Asp Asp Ser Gly Tyr Ala Tyr Ala Asn Tyr Ser Ala Ala Ala Asn Lys
275 280 285

tca att aag gat tta get caa aat gga gta aaa gta gec goa ggg gte 8i2
Ser Ile Lys Asp Leu Ala Gln Asn Gly val Lys Val Ala Ala Gly Val
55 290 255 300



55,Pro Val
320 Leu Lys Thr

315
325
Thr

Tyr

Leu
Asp
Phe
415
425
435
DNA

ttttcaatct gfga
ttgtcgcact gta

Thr

Lys Gu Ser u Trp Thr Gy Lys Asn Phe Val
@ n Asp Thr Tyr Asn Tyr Asn Asp Pro

Leu Tyr Thr Val

330 335 2 6 APR 2005 WD 02/ 34919 -10 PCT/ EPO1/ 12148
Tyr Ile Cys Trp Pro Thr Val
Lys Gy Gy Lys Lys Alalle Thr Ay Trp GQu
Val Pro Sayoeudslys Arg Ay Val

Pro Thr Tyr Ser Thr Thr Tyr Asp Asp Al a Val
Lys Ser Asn Asn Arg Tyr Arg Asp Val
Asn Val Len Tyr Val
430 20 Asp Ay Ser Val

440 445 Phe.Thig Ty al,-.y%ablt@t lg¥§t

<213> Arti far6ival 1BEQUEREL 53D
Sequence, vectoraopACSGDH <400> 326 cact aact ga i:Isacgcaccg cat gkmaccg
ttaacattgt gatagctatg atgacaacgt

10

15

20

25

30

35

40

45

30

35

taaat tcacagttta 60

EEEAp e
325

act tgt gga gag atg
Thr Cys Gly Glu Met
340

tect goe tat gte tat

Ser Ala Tyr Val Tyr
3E5

aat aca tta ttg gtt
Asn Thr Leu Leu Val
370

aag tta gat cca act
Lys Leu Asp Pro Thr
385

ttt aag agc aac aac
Phe Lys Ser BAsn Asn
405

aat gte tta tat gta
Asn Val Leu Tyr Val
420

gat ggc tca gta aca
Asp Gly Sexr Val Thr
435

ttec acc tat aag get

Phe Thr Tyr Lys Ala
450
<210> 24
<21l> 454
<212> PRT
<213> Acinetobacter
<400> 24
Asp Val Pro Leu Thr
1 5

Phe Asp Lys Lys Val
20

acc

Thr

aag
Lys

cca
Pro

tat

Tyr
380

cgt
Arg

tta
Leu

aat
Asn

aag
Lys

Ala Pro Ser

340 345 350

355 .

Ile Phe Arg Ile

Thr Asn Thr
§£L a% 5
£ 215>

2 2P
Das Gl

Pro Met
Il Ala Ser Pro Asp Ay 15 405 410
Leu Thr Asp Thr Ala Gy Aen Val
Leu Qu Aen Pro Ay Ser

Pro Pro 305 310

y Gu Mt

Eg ’%@ﬁ K a Tyr Val

360 365 Asn Thr Leu
370 PETEPBAR1480 Lys Leu
385 390 395 400

A n Lys Asp 420

Leu Ile Lys

$211%.4373,30 <212>
ocArtificial

i

o

gty gaa gat acc tac aac tat aac gat cca
Val Gln Asp Thr Tyr Asn Tyr Asn Asp Pro

tac
Tyr

ggce
Gly

tect
Sex
375
age
Ser
tat
Tyz

act

aca

att
Ile

agt
Gly
360

tta
Leu

act
Thr

cgt

gat
Asp

tta
Leu
440

330

tge tgg cca aca gtt gea
Cye Trp Pro Thr Val Ala

345
asa aaa gca att

Lys Lys Ala Ile

aaa cgt got gte
Lys Arg Gly Val
380

act tat gat gac

. Thy Tyr Asp Asp

385

gat ogtg att gca
Isp Val Ile Rla
410

act gec gga aat
Thr Ala Gly Rsn
425

gaa aac cca gga
Glu Asn Pro Gly

calcoaceticus

act
Thr
365

att
Ile

gect
Ala

agt
Ser

gtc
Val

tet
Ser
445

350

ggt
Gly

tte
Fhe

gta
Val

cca
Pro

caa
Gln
430

ctc
Leu

335
cecg

Pro

tay
Trp

cgt
Arg

ccg
Pro
gat
415
aaa

Lys

katt
Ile

tca
Ser

gaa
Glu

att
Ile

atg
Met
400

999
Gly

gat
Asp

aag
Lys

Prco Ser Gln Phe Ala Lys Ala Lye Ser Glu Asn

10

15

Ile Leu Ser Asn Leu Asn Lys Pro His Ala Leu

25

30

Leu Trp Gly Pro Asp Asn Gln Ile Trp Leu Thr Glu Arg Ala Thr Gly

1008

1058

1104

1152

1200

1248

1256

1344

1362



agt,t gt cagt
t accggacaa
attttggacc
cccgaagggc
gcgct gt ccg
cttcggegtt
ccct acat aa
t ggcaagt ct
aatttgctaa
agccgcacgce
gt aagat t ct
agattgtcaa
tt aaaaat aa
aagaattacc
t cgagaagcc
gtcttgtcat
agcttgctta

APR 2005 W2/

tttgct gggg
aaat aaagag
t gggcagt gc
gagcgt agcg
t gt ccaaact
CWOHONABHC g
t aaaaccgga
gttattcggc
agcgaaat ca

tatttcgett
tt gaat aaga
t cgccaaaac
agt caaacct
gct gcgccaa
cgttaacgtg
gct accat ga
gcgcacgcgce
gagaactttg

gttgttatgg,ggaccagata
aagagtt aat” ccagagt-cgg

t JaLee tGale0BYCAO AR08 Id1h Bl 30Y ki LLUEH b GAl pRt gatt
tccttatmtc tatatttcagsgtacatttaa aaatccgaaa tctacagata
daaccaaacg attattcgtc gttataccta taataaatca acagatacgc
agt Ealalt &rot ‘f‘élg@&g‘{;ét“?d’é%tﬂﬂt &tk Cha Stmarcaly bagtavaggt c
t gggtcagat caaaagat’t attatacgat TYgtgaccaa gggcdtaacc
ttt ght kel £aC : a

s re R R e 1P B aPEEE
aagtactacg cttaaatctt gatggaagta 1200

at aaaaaccg
gcttatccca
gcgtt agcgt
cacgt act ac
t aacgcct gg
ct gaacagcc
at aagaaggt
at gccgccga
acaagaaagt
atcaaatttg
4
gt agt gt aaa

180 40
240
300
360
420

ttatcacaat atgccgccac
ttagggctat tttacttgcc
tttgaacgcg g
otatacacre contirrIDG
t gggat aggc tctaaat acg

gggcattttt trarvgemnatias 480 45
actgaccctt tctgccgtga 540
tgttcctcta actccatctc 600
tattctatct aatctaaata 660
gttaact gag cgagcaacag 720
aacagttitt caggtaccag 780 50

840

900

960

1020

1080 55

1140 2 6

%C@ﬁ %gaglaeact ga

abggt aaaga ctatcacacc tatatgggta
ttccaaagga taatccaagt tttaacgggg

t ggtt agcca t at FeraflycBhrcRitegyacish cPrd 269 seyiThakex geacygyel Pagea tt cact ccaa
atggtaaatt attgcagtct g¥&caaggcc 1320 1°taaactctga cgadtgaaatt aacctcattg

t caaaggt 99 gaatfar,g9f, tgq

C Caaa att cagcC ca
ttatg ttattcagcszg

8 2p nOPL A P A TG canal00a0.

t aadagt agc cgcaggggt o cctgtgacga 1500 aagaatctga atggactggt aaaaactttg
tcccaccatt aaasBclyst Brot ailanspgiel: el 368 clpagabkac edasaanGt Alpagie gat ccaact t

gt ggagagat
agggcggt aa
gt ggt gt cat

acctag®tt tgctggccaa3i620
aaggcaat ctgatt
ttt gﬁ‘g At %1”;!55?‘%39‘1%8 &

taccgatgtt taagagcaac aaccgttatc 1800 gtga

cagttgcasc gtcatctgcc tatgtctata

1680 10 aaaat acatt att%%ﬁtcca tctttaaaac

1740 Pred%®

i

g™ Eabra tBf gatgacgetg
gt gat tgcaagtcta gat gggaatg

tcttatatgt attaectigatspanhgneggaasd 300 redh(d teasgorRal.0aLGQE t cagt aacaa
at acatt aga #aacccagga tgtciseatta 1920 agta caccta taaggesaag taatacagtc

accgatctat aaagatcggt 1980 15 ttttttagtt ttagaaaaga attcactggc
caatit %Iﬁt%‘“%%ﬁgﬁ‘é

gcat t aaaaa
cgtcgtttta

agcacatccc cctttcgcca gctggcgtaa 2100

30 His Thr Tyr Met Gly Lys Val Leu Arg Leu Asn Leu Asp Gly Ser Ile
: 185

CEEEGRIVEGIS

1

200

:E;EJ(:{ sjoi%eial Gldc’giga‘ﬁt% atcgccttgc

205

Pro Lys Asp Asn Pro Ser Phe Asn Gly Val Val Ser His Ile Tyr Thr
215

210
35

220

Leu Gly His Arg Asn Pro Gln Gly Leu Ala Phe Thr Pro Asn Gly liys

225

230

235

240

Leu Leu Gln Ser Glu Gln Gly Pro Asn Ser Asp Asp Glu Ile Asn Leu

40

Ile Val

45 asp Asp

Ser Ile
25D
50
Pro Val
305

Leu Lys
55

245

260

250

265

280

295

310

325

330

255

Lys Gly Gly Asn Tyr Gly Trp Pro Aen Val Ala Gly Tyr Lys

270

Ser Gly Tyr Ala Tyr Ala Asn Tyr Ser Ala Ala Ala Asn Lys
275

285

Lys Asp Leu Ala Gln Asn Gly Val Lys Val Ala Ala Gly Val

300

Thr Lys Glu Ser Glu Trp Thr Gly Lys Rsn Phe Val Pro Pro
315

320

Thr Leu Tyr Thr Val Gln Asp Thr Tyr Asn Tyr Asn Asp Pro

i35



t agcgaagag
gcgcctgatg
cact ct cagt
acccgct gac
gaccgtctcc
acgaaagggc
ttagacgt ca
ct aaat acat
at at t gaaaa
tgcggeattt
t gaagat cag
cctt gagagt
atgtggcgcg
ctattctcag
cat gacagt a
cttacttctg
. ggatcatgta
cgagcgt gac
cgaact actt
t gcaggacca
agccggt gag
ccgtatcgta
gat

gcccgecaccg
cggtattttc
acaat ct gct
gcgccct gac
gggagct gca
CWEgRGEIaC

ggt ggcactt
t caaat at gt

aggaagagt a
tgccttcctg

at cgcccttc
tccttacgca
ct gat gccgc
gggcttgtct
t gt gt cagag
gcctattttt
tt cggggaaa
at ccgct cat
tgagtattca
tttttgctca

ccaacagttg
t ct gt gcggt
at agt t aagc
gct cccggcea
gttttcaccg
at aggt t aat
t gt gcgcgga
gagacaatiga
acatttccgt
cccagaaacg

cgcagcct ga
atttcacacc
cagcccogac
tccgcttaca
t cat caccga
gt cat gat aa
acccctattt
ccct gat aaa
gtcgccctta
ct ggt gaaag

at ggcgaat g
gcat at ggtg

ddatcltl

aacgcgcgag

2160
2220
2280
2340
2400

t RETEBULILES 2460

gtttattttt
tgcttcaata
ttcecettttt
t aaaagat gc

Ul g8Qt §6as, AAdLRO Gkt aEALE Q?g‘ié;g pA2LG! GAALA geoglaagat

tttcgccocqg aagaacgttt tcca

atg agcactttis aagttctgct

gtattatccc gtattgacgc cgggcaagag caactcggtc gccgcataca
aat FFACAIE RyT tvad dyr dot SlactagiT avartmakajeatly Tipagiggat gg
agagaat t a@P%gcagt gct gc cdfhaccat g agt gat®aca ctgcggccaa
ac a agct a ctittitgac acagcatggg
acf%%%ﬁ%uatgg?tg %ﬁ%ﬁggcg% ggfgg g”aﬁr élgcg“a 7%:30 daacga
1accacgat gc ct gt agcaat ggcaacaacg ttgcgcaaac tattaactgg

actlysage tAsp Ca6 JUe aae EeAltThe atd GRC Adr) BaH AlGag] BE@Ooakaaagt
ctt%ﬁgcgct cggccctitec ggctggctgg3sxtattgectg at amat ct gg

cgt tete atcat_t act g _gggccagat g gtaagccctc
19t t crASSET %ﬁgg‘ﬁ gﬁ%gﬁ% g"t gjgfa'fﬁa%ﬁ? dd¥agaca
gct gag ataggtgcct cactgattaa gcattggtaa ct gt cagacc Hagtttactc

atatatactt tagahi@aidentigaaacited ant il rRahid cRARA0GA! 6 BYH.gaagat
cctttttgat aatctcatga ceaaaatccc ttaaegtgag ttttcgttee actgagegtc

agaccccgta
ct gct ggcaa

aaaagat ca

cdﬁaéﬂé

xr Va

accaactctt tttccgaagg taact ggct t

tctagt gt ag ccoinddint agr 3gcaGeactt
cgctctgcta atcctgsbac cagtggctgc

gt t ggact ca2agacgat agt taccggat aa

gt gcacacag cccagcttgg agcgaacgac
gct at gagaa agcgggaggc ttcccgaagg

cagggt cgga acaggqagafds gcacgaggga

tagtcct gt c 3ggoktiCcoRC acct ct gact

ggggcggagc ct azgyamadfactglC cageasd

ctggcctttt gctcacatgt tctttcctge
<220>

$tagagcg
caagaact ct
t gccagt ggc
ggcgcagegy
ctacaccgaa
gagaaaggcg
gctt ccaggg
t gagcgt cga

cggggecttt
gttatcccct

cagat ¥caa
gt agcaccgc
gat aagt cgt
t cgggct gaa
ct gagat acc
gacaggt at c
ggaaacgcct
tttttgtgat
ttacggttcc

gattctgtgg

<223> Description of Artificial Sequence:vector pACSGDH

35

<400> 25
cactaactga
ttaacattgt
agttgtcagt
taccggacaa
attttggacc
coogaagyge
gcgetgtoog
ctteggegtt
ccctacataa
tggcaagtet
aatttgctaa
agecgeacygce
gtaagattct
agattgtcaa
ttaaaaataa
aagaattace
tegagaageoe
gtcttgtecat
agcttgetta

40

45

50

55

ttacgecaccyg
gatagctatg
tttgctggag
aaataaagayg
tgggcagtge
gagcgtageg
tagtccaaact
cagtaacacg
taaaaccaga
gttattegge
agcgaaatca
gttgttatgy
aagagttaat
tgatgctgat
tecttatate
gaaccaaacg
agtcgattta
tgggccagat
tttgttottg

catgtaaccg ttttcaatct
atgacaacgt
tatticgett
ttgaataaga
tegecaaaac
agtcaaacct
getgogecaa
cgttaacgtg
getaccatga
gogeacgega
gagaactttg
ggaccagata
ccagagtegg
gogcagaatg
tatatttecag
attattegte
ttagcaggat
caaaagattt
ccaaatcaag

ttgtegeact
ataaaaaccg
gettatecca
gegttagegt
cacgtactac
taacgectgyg
ctgaacagce
ataagaaggt
atgccgocga
acaagaaagh
atcaaatttyg
gtagtgtaaa
gtttattagg
gtacatttaa
gttataccta
tacctteate
attatacgat
cacaacatac

gtgagtaaat
gtaactaacg
ttatcacaat
ttagggctat
tttgaacgeg
gtgtacgete
tgggatagge
gggeattttt
actgaccctt
toattecteta
tattctatet
gttaactgag
aacagttttt
ttttgeette
aaatccgaaa
taataaaktca
aaaagaccat
tagtgaccaa
gccaactcaa

tecacagttta
tgtaacagtt
atccogegac
tttacttgcce
ctageggegg
cagtttttge
tctaaatacg
ttacgetata
tetgecgtga
actercatcte
aatctaaata
cgagcaacag
caggtaccag
catcctgatt
tetacagata
acagatacge
cagteaggte
gggegtaace
caagaactga

aaggﬁécttc ttgagatcct ttttttctgc gcgtaatctg

ﬁ&%éhﬁgﬂpﬁng?TP?@F%tgﬁcﬂﬁ3§Fd§agagct

at act gt cct
ct acat acct
gtcttaccgg

cgggggtttc
t acagcgt ga
cggt aagcgg
ggtatcttta

gct cgt cagg
tggccttttg

at aaccgt at

&0
120
180
240
300
360
420
480
B40
600
660
720
780
840
500
860
1020
1080
1140

2520
2580
2640
2700
2760
2820
2880
2940
300D
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320

20

25

30

35

40

45

50



tagcgecttt gagtgagctg ataccgctcg ccgcagccga acgacggggce ccg 4373 55

76 APR 2005

WO 02/34919 PCT/EPO1/12148

10

15

20

25

30

35

40

50

55

atggtaaaga
tteocaaagga
gtaatccgea
caaactctga

‘tagcaggtta

agtcaattaa
aagaatctga
aagataccta
cagttgeacc
aaaatacatt
caacttatag
gtgatgtgat
atgteccaaaa
agttcaccta
ttttttagtt
cectggegtt
tagcgaagag
gogectgatg
cactcteagt
acccgetgac
gacogtctec
acgaaagggc
ttagacgtca
ctaaatacat
atattgaaza
tgoggeattt
tgaagatcag
ccttgagagt
atgtggegey
ctattcteag
catgacagta
cttacttetg
ggatcatgta
cgagcgtgac
cgaactactt
tgcaggacea
agceggtoag
ccgtategta
gatogetgag
atatatactt
cctttttgat
agacecccgta
ctgcttgcaa
accaactctt
tctagtgtag
cgetetgeta
gttggactca
gtgcacacag
gctatgagaa
cagggtcgga
tagtectgte
ggggeggage
ctggoctttt
taccgeettt

ctatcacace
taatccaagt
gggcttagea
cgatgaaatt
taaagatgat
ggatttageot
atggactgat
caactatazc
gtecatctgcc
attggttcca
cactacttat
tgcaagtcca
agatgatgge
taaggctaag
ttagaaaaga
acccaactta
gcoegeacceg
cggtatttte
acaatetgcet
gogecctgac
gggagctgea
ctegtgatac
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tgecttectg
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tgagtattca
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cggeccttoe
geggtateat
cgacggggag
cactgattaa
taaaacttca
ccaaaateoce
aaggatctte
caccgetace
taactggcett
gccaccactt
cagtggctge
taccggataa
agcgaacgac
tteccgaagg
gcacgaggga
acctectgact
acgccagcaa
tetttectge
ataccgctey

-11 -

aagtactacg
togttageca
atggtaaatt
tcaaaggtgg
cttatgcaaa
taaaagtage
teccaccatt
gtggagagat
agggeggtaa
gtggtgteat
taccgatgtt
tettatatgt
atacattaga
gecattaaaaa
cgtegtttta
agcacatcec
ccaacagtty
tctgtgeggt
atagttaagc
getecocggea
gttttcacceg
ataggttaat
tgtgegegga
gagacaataa
acatttccgt
cccagaaacg
catcgaactg
teocaatgatg
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cataaccatg
ggagctaacc
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agtgataaca
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aatgaagoca
ttgegecaaac
tggatggagg
tttattgetg
gogccagatyg
atggatgaac
ctgtecagacce
aaaaggatct
ttttegttee
ttttttetge
tgtttgeegg
cagataccaa
gtagcaccge
gataagtcgt
tegggetgaa
ctgagatacc
gacaggtatc
ggaaacgect
tttttgtgat
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